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PREFACE. 



This work, originally issued as a supplement to mj 
* Catechism of the Steam Engine/ now makes its 
appearance as a separate treatise ; and in this new 
edition I have expunged many of the examples of 
engines given in the previous editions, and have 
introduced new examples, among which will be 
foimd some of the most remarkable engines collected 
in Paris at the Exhibition of 1867. In steam en- 
gines the tendency now is towards higher piston 
speeds and higher pressures of steam : and high 
piston speeds require superior workmanship, espe- 
cially in the bearings, to prevent heating ; and the 
momentum also of the reciprocating parts should be 
balanced by counterweights. Unless the bearings 
of engines are very accurately formed, the oil is 
forced out of the protuberant or touching parts, 
and the surfaces heat, since the effective surface is 
in fact measurable by the area of the real points 
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of contact ; whereas, when the rubbing surfaces are 
very true, the oil is spread over them in a thin fihn, 
and metallic contact is prevented. In the engines 
of the * Hercules,' which are of 1,200 nominal horses' 
power, the speed of piston is 648 feet per minute, 
which is nearly as great as the speed of the engine 
of the steamer * Barwon* constructed by me in 1854. 
In many steam vessels a pressure of steam of 60 lbs. 
and upwards is now employed. These engines are 
fitted with surface condensers ; and the steam after 
acting by high pressure in one cylinder is dismissed 
into the other, where it acts as low pressure steam. 
The consumption of coal is reduced by this arrange- 
ment to about 2 lbs. per actual horse power per 
hour. 

The steam engine, however, it appears to me has 
now nearly fulfilled itp, destiny ; and I believe it to 
be on the eve of supercession by other motors, which 
will differ materially from the existing steam engine, 
though steam may still be used in them to some 
extent, but not exclusively, and only in combina- 
tion with other fluids. Under this belief I have 
undertaken the production of a work on motive 
power engines, whether propelled by air, or gas, 
or steam. I hold it to be the function of any 
competent authority upon such subjects to lead 
public opinion instead of following it; nor should 
such a guide content himself merely with the func- 
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tion of chronicling the circumstances of contempo- 
raneous achievement. My constant aspiration has 
been, while recapitulating the nature and details of 
the best existing arrangements, to discuss their con- 
gruity or otherwise with those sound mechanical 
principles which I have endeavoured to explain, and 
thus to combat the heresy that there is any finality 
in existing arrangements or systems ; the fact being 
that the existing steam engine is a most imperfect 
machine, so that it should be the object of intel- 
ligent ambition to produce something better. It is 
indeed no small work to lift the veil of the future, 
and out of a chaos of abortive schemes and of princi- 
ples of action in the application of which no practicable 
method has yet been discerned, to construct a system 
which will supersede that which at present exists, 
and which the ablest minds have been unable, after 
a century of effort, very materially to improve. But 
the task I now propose to myself is not merely to 
show that a better engine than the present steam 
engine can be made, but how it can be made ; and 
it is not to be supposed that I should have spoken 
with the confidence I have done of the early super- 
cession of the steam engine if I had not seen my 
way in this important work. 

J. Bourne. 

Loxdon: MaylO, 1869. 
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In this Supplement to my Catechism of the Steam 
Engine I propose to recapitulate the most useful in- 
formation I have been able to collect respecting all 
recent improvements which have been made in the 
Steam Engine. 

As that work addresses practical engineers, and not 
mere desultory or superficial inquirers, it is indis- 
pensable that the information it affords should not 
only be intrinsically sotmd and practical, but that it 
should be cleared of all tinge of antiquity. In an 
art so rapidly progressive as mechanical engineering, 
the knowledge of ten years ago is no longer adequate 
to satisfy the wants or direct the operations of pre- 
sent practice; and, under this conviction, it has 
appeared to me that the time has come when it would 
be proper to review the information which the cate- 
chism contains, in order that it might be rendered 
more conformable to the accredited maxims of tbcr 
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time, and also that reliable information respecting 
altered modes and new improvements might be faWy 
afforded. To this end I have carefully revised the 
text of the last edition ; and I have introduced such 
alterations into it as appeared to me to be necessary 
to make the work consistent with the best indications 
of modem practice. But these alterations have not 
been numerous or extensive, as I found that although 
there was a good deal to add there was little to alter ; 
and it seemed to me that the requisite additions 
could be much more conveniently made in a separate 
discourse, which would be supplementary to the work, 
and which might be purchased separately by the 
possessors of the former editions, than by incorporating 
such new information in the body of the work itself, 
whereby it would be rendered inaccessible to all who 
did not feel disposed to purchase the entire volume. 
Under these convictions I have proceeded to prepare 
the present supplement ; and I trust that it will be 
found to answer its intended purpose of giving an 
accurate and vigorous outline of contemporaneous 
engineering knowledge in its most select manifesta- 
tions, and that it will set the reader face to face with 
the works and opinions of those who are justly ac- 
counted the leaders of the art, so that he will be able 
to feel that he has been brought up to the highest 
point of information yet reached by the most eminent 
practitioners. It is this vitalizing species of know- 
ledge which alone renders engineering works of much 
value ; and the place of it can never be supplied by 
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the Tesources of abtitract speculation, or the pale 
reflectioDS of the literary compiler* 



THERHO-DTNAHICS. 

One of the ablest series of researches which Has 
been made of late years on subjects connected with 
steam, is that by which Mr. Joule has established 
the mutual relations of heat and power. It has long 
been known that heat may be made to produce power, 
and that power may be made to produce heat. But 
Mr. Joule has shown by elaborate experiments that 
the heat produced by friction is the mechanical equi- 
yalent of the power expended in maintaining the 
friction ; and that the power represented by the de- 
scent of a pound weight through 772 feet, or 772 lbs. 
through one foot, would, if expended in friction, 
produce as much heat as would raise the temperature 
of a pound of water one degree Fahrenheit. If we 
had a perfect engine for extracting the power from 
heat, we ought to be able to recover from the heat 
generated by friction the exact amount of power ex- 
pended in generating the heat. But in the best 
existing steam engines it is found that only about 
one-tenth of the value of the heat is obtained as 
power, the residue being wholly wasted; so that 
if a steam engine were employed to generate heat by 
friction, only one-tenth of the power would be ob- 
tained that would have to be consumed in the pro- 
duction and maintenance of the friction. The steam 

b2 
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engine, indeed, lias now been found to be a very 
wasteful machine; and the cause of the waste ia 
traceable to the fact that it deals with extremes of 
temperature but little removed from one another, 
instead of with extremes of temperature as &r re- 
moved from one another as possible. As in a water- 
fall the power generated with any given quantity of 
water is measurable by the difference of level between 
the highest and the lowest points, so in a Eteam 
engine the power generated with any given quantity 
of heat is measurable by the difference of tempera* 
ture between the boiler and the condenser* The 
greater this difference is, the larger will be the pro- 
portion of heat utilised as power. But as in common 
furnaces the temperature may be taken at 3,000 
degrees above the temperature of the atmosphere, 
while the temperature of the boiler is only about 
200 degrees above the temperature of the condenser, 
the larger part of the fall in the temperature is lost, 
or not utilised, and the engine is consequently not 
nearly so effective as it would be if the steam could 
be received at the temperature of the furnace and 
expanded down to the temperature of the condenser. 
In practice there are impediments to the use of steam 
hotter than that which is a1» present employed. But 
it is, nevertheless, proper to understand that either a 
very much higher initial temperature must be dealt 
with, or else the combination of the fuel with oxygen 
must be conducted under such circumstances as to 
g^enerate power rather than heat, before that measure 
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of economy in the production of power can t>e at- 
tained which is known to be possible. In the animal 
economy a given quantity of carbon produces its 
equivalent of power with far less waste than in the 
best steam engine, although the temperature is not 
great : and the same result takes place in a Yoltaio 
battery — the electricity generated by which may be 
made to work an engine with £blt less loss than its 
equivalent quantity of heat. It does not, however, 
appear to be in the least probable that electro- 
magnetic engines will be brought into use to super- 
sede steam engines, imless some means should be 
discovered of obtaining the electricity from coal 
instead of zinc. Zinc, like coal, may be biuned, and 
will produce heat. But a pound of coal consumed 
in an engine will produce more than twice the power 
produced in a Gralvanic battery by a pound of zinc, 
and the cost of the coal will also be very much less. 



SUPERHEATING. 

The practice of superheating the stream before 
permitting it to enter the engine is now very gene- 
rally pursued, especially in steam vessels ; and the 
innovation has been productive of a material saving 
of fuel in many cases. The reasons which render 
superheating a source of economy may be inferred 
from the foregoing remarks on Thermo-dynamics ; 
and in the first edition of my Treatise on the Steam 
Engine, published in 1844 — which was long before 
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the benefits of superheating were recognised — an 
investigation was given of the economy to be derived 
irom a certain assigned amount of superheating. 
This investigation was first made by me in 1834, and 
subsequent experience has shown that the estimate 
then arrived at was pretty nearly correct. It was, 
however, at the same time, pointed out by me in the 
Treatise on the Steam Engine, and also in the first 
edition of the Catechism of the Steam Engine, pub- 
lished in 1848, that the expedient of superheating 
would, no doubt, lead to the internal corrosion of the 
superheating vessel, and also of the internal parts of 
the engine; and this anticipation has also been 
verified by the result.* It is found in practice that 

* When the first edition of my catechism appeared in 
1848, the practice of transmitting the smoke through the 
steam chest in marine boilers was universal ; and it will be 
seen at p. 257 that I reprehended that practice as certain to 
occasion internal corrosion of the steam chest, and I recom- 
mended that the smoke should be transmitted to the exterior 
of t\\e boiler without being passed through the steam chest at 
all. This recommendation appears to have been adopted, as 
the smoke is rarely, if ever, now transmitted through €he 
steam chest ; and the internal corrosion of the steam chest 
has consequently ceased to be a source of injury. But where 
superheaters are employed the same internal corrosion which 
was formerly experienced in the steam chest reappears in the 
superheater — though, as this is a removable vessel, and one 
from which the steam can at any time be shut off, the evil of 
internal corrosion is not so serious when occurring there, as if 
it took place in the boiler itself. 

I believe that the internal corrosion of superheaters might 
be prevented by placing pieces of charcoal within them, either 
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if the steam is superheated to a temperature exceeding 
315 degrees, the hemp packings of the stufBng boxes 
will be burned, the oil or tallow used in the engine 
will be carbonized, and the cylinders and valves wiU 
be liable to be grooved and injured by the heat and 
friction of the rubbing parts. In boilers already 
producing dry steam, and possessing an adequate 
amount of heating surface, the saving in coal accom- 
plished by superheating common low pressure steam 
to this extent may be set down as about 10 per cent. ; 
and although a larger economy than this has been 
obtained in some cases, the increased advantage is to 
be imputed to the acquisition of an increased heating 
8ur&,ce, whereby the heat that previously ascended 
the chimney has been utilized in drying the steam — 
rather than to the superior elficacy of a given quan- 
tity of heat when distributed in the assigned proper- 
tion between the water and the steam.* Upon the 
whole, superheating is now rather on the decline; 

in a wipe cage or otherwise, for the carbon would satisfy the 
affinity of the oxygen which now produces oxidation, and 
would thus leave the iron free from attack. 

* In some cases where a large amount of adyantage has 
been obtained from the application of superheaters, although 
the steam has not been heated to any inconyenient tempe- 
rature, a part of the benefit is explicable on the supposition 
that the steam which was before mixed with spray has been 
dried in the -superheater, whereby its volume has been much 
augmented although its temperature has not been very much 
raised. This benefit is manifestly a different one from that 
of superheating proper, and in a boiler already producing 
aiy steam it would not be obtained. 
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at all events, it is not now earned much beyond that 
point which suffices to dry the steam, and to prevent 
the steam within the cylinder from sufiering partial 
condensation, either by external radiation or by the 
generation of power.* But condensation is equally 
hindered by the application of a steam jacket ; and 
high-pressure steam worked expansively in jacketed 
cylinders, combined with surface condensers in the 
case of steam vessels using salt water, is now regarded 
as the most promising expedient of economy. 

The construction of superheaters is very various. 

* Steam in the production of power is itself condensed ; and 
less heat will pass into the condenser than is generated in the 
boiler by the amount that is the equivalent of the power gene- 
rated. If this were not so, a steam-engine would be a heat- 
producing engine ; for the power of the engine is capable of 
producing heat by friction, and if we had in the condenser all 
the heat which the coal can generate, and if we also had the 
heat generated by the friction, we should have a total amount 
of heat greater than the coal could generate, which is an ab- 
surd supposition. There will consequently always be in the 
condenser less heat than the boiler produces ; and the greater 
this disparity — supposing there is no loss by radiation — the 
more effective the engine will be. In a perfect engine the 
temperature of the condenser would not be raised at all ; but 
the heat would wholly disappear by its transformation into 
power. In such an engine the steam would enter the cylinder 
at the temperature of the iurnace ; and as it expanded more 
and more, its temperature would fall more and more, until 
finally it entered the condenser at the same temperature as 
the condenser itself. Such an engine indeed would not require 
a condenser, since the steam would itself condense as the 
heat left it by its transformation into power. 
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But in most cases the steam is sent through a fagot 
of Rmall tubes set in the smoke at the root of the 
chimney. 



Fig. 1. 



I 
H 




SUFKBHBATINa APPABATUS Of S. S. OlJ^. RT R. NAPIKU AND SONB. 

1860. Longitudinal Suction. 

An example of this arrangement is given in^^. 1, 
irliich is a representation of the superheater intro- 
duced by Messrs. R. Napier and Sons into the steamer 
'01^/ belonging to the Russian Steam Navigation 
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ConipHny. A is the boiler, and a tli6 uptake of the 
boiler; d position of inlet vulve connecting boiler 
with superheater ; d and f inlet and outlet chambers 




of superheater; E tubes through which tlie steam 
passes; g double outlet stop-valre cheat, in which g 
connects superheater to steam pipe, and h connects 
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boiler to steam-pipe direct. H is the chimney. The 
smoke in ascending the chimney impinges on the 
tubes transmitting the steam, whereby the steam ii 
heated to the required extent 

In Lamb and Summers* superheating arrangement, 
a narrow rectangular pipe or chamber— which winds 
in a zigzag manner like the flue of a flue boiler — 
conducts the steam backwards and forwards amongst 
the smoke at the root of the chimney, until finally 
the steam debouches in the steam pipe. 

This superheater is shown in fig, 2, where a is 
the winding rectangular chamber ; B the stop valve 
for admitting steam into the superheater; c stop- 
valve for letting steam pass from the boiler to the 
engines without passing through superheater ; D stop- 
valve for shutting off superheater ; Q is the chimney ; 
F is a door jbr getting into it, and H H is a ring or 
cooming, over which the chimney passes, and the 
space between which and the chimney is filled with 
fire-clay to keep it tight. 

Another example of Lamb and Summers' super- 
heater is given in^^. 3, which is a ground plan of 
the superheater as applied to four boilers, collectively 
of 400-horse power. The steam space is 4 inches 
wide, and the smoke spaces are each 6^ inches wide. 
The winding lengtli through which the steam is con- 
ducted is 51 feet 9 inches, and the height of the 
winding chamber is 5 feet 7 inches. The total area 
of heating surfkce in the superheater Ls 600 square 
feet, which is just 1^ square foot per nominal horse 
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power. The steam isauea from the boiler through 
the Slop- valves cccc, enters the superheater through 
the stop-valve a, and escapes through the atopvalve 6. 




Laub aSd SuMunsB' 



1. Ground Plu. 



Another form of superheater ia shoivn in ^g. 4, 
which is the superheater constructed by Messrs. 
Boulton and Watt for the steamer Great Eastern. 
This superheater consists of a square chest placed 
over the uptake at the foot of the chimney, and filled 
wilh vertical pipes through which the smoke passes. 
In this case the steam passes on the outside of the 
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tobes^ whereas in most cases it passes through the 
tubes aa shown iajig. 1. 

A common proportion of surlkce gifen to super- 
heaters is IJ square foot per nominal horse power. 
As, however ttie iiouiinul horse power is so indefinite 




a quantity aa regards the boiler, it will be prefer- 
able to fix the surface of the superheater at "3 square 
feet per cubic foot of water evaporated. It is of 
course necessarj to be careful in introducing; super- 
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heaters not to contract the area for the ascent of the 
smoke up the chimney, which should be left quite 
as large as before. 

One of the simplest forms of superheater now em- 
ployed in steam vessels is almost identical with that 
introduced by me into the *Don Juan ' in 1837, many 
years before the practice of intentional superheating 
had come into general use. In this arrangement the 
lower part of the chimney and for 8 or 10 feet above 
the deck was formed of boiler plate of the same 
strength as that entering into the composition of the 
boiler, and it was surrounded by another cylinder of 
laiger diameter, leaving an annular space in which 
the steam might circulate. This annulus was divided 
by radial partitions into four equal parts, through 
two of which the steam ascended to nearly the top of 
the annulus, and then passing over two of the part- 
titions, descended through the two other divisions to 
the steam-pipes. The steam was thus exposed in a 
thin sheet, as in Lamb and Summers^ arrangement, 
to the heat of the smoke, and was thereby super- 
heated to the required extent. Messrs. Boulton and 
Watt have latterly introduced this arrangement into 
several vessels, but it is only a reproduction of what 
I had done thirty years before. 

Superheaters are sometimes formed of a congeries 
of cast-iron pipes set at the root of the chimney, and 
through which pipes the steam is passed. Cast iron 
has this advantage over wrought, that from the pro- 
tective influence of the carbon entering into the com- 
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position it is less liable to internal corrosion; but 
such superheaters are heavier and more liable to 
accident than those made of wrought iron. In some 
cases, where double-cylinder engines are employed, 
a superheater is introduced between the high-pressure 
cylinder and the low-pressure one, so as to replace 
the heat lost by radiation and by the production of 
power in the high-pressure cylinder. This arrange- 
ment, introduced by me into a steamer about 1859, 
was exemplified in various engines shown at the In- 
ternational Exhibition of 1862, and promises to be 
very serviceable in cases where a small consump* 
tion of fuel is an object of paramount importance. 

MODERN FORMS OF BOILERS. 

Boilers are divisible into three main classes, land 
boilers, marine boilers, and locomotive boilers, and of 
each class there are many varieties. The old waggon 
boiler is now almost extinct, and there is no generally 
accredited species of land boiler which has taken its 
place. ' On the whole, land boilers are approximating 
in construction to marine boilers. Yet probably a 
larger number of land boilers are made on the Cornish 
plan, consisting of a horizontal cylinder with one or 
two tubular flues, within which the furnaces are 
placed. It is difficult in this arrangement to obtain 
sufficient depth for the furnaces; and the circular 
tubes, imless stiffened by hoops or cross tubes, are 
liable to collapse. 

In the earlier times of steam navigation the boilers 
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emplojed were Invariably flue boUera, It is very 
doubtful whether tiie efficacy of that claw of boiler 
haa yet been exceeded, and in some steam veuaeb of 
the highest efficient^ flue boilers are still retained. 
Fig, 5 is a transverse section of the flues in boilers of 
the mail steamers A^ and Africa, and fig». 6 and 7 
are longitudinal sections of tiie same boilers. Boilers 
of a similar construction to these have been in uBeia 




other vea'^els on the same line for the long period of 
14 years. 

The ordinary form of boiler now employed for 
marine purposes is the tubular boiler; and thefeaturea 
of the arrangement have not varied much since tlie 
first introduction of the tubular ayalem in 1844. So 
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£ir as I am aware, the fit^ marine tubtdar boiler 
that was practically tried was oonatruoted by myself 
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in 1838, and a cross section of it is giTcn in fig. 8. 
But it was some yeata after this that the system was 
introduced generally. The boiler constructed by me 
in 1838 had braas tubes, and waa intended to be used 
in conjunction with eurface condensation, whereby 
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the bo ler would be fed with fresh water and the 
steam was to be raised to a higher pressure than was 
then usual and waa to be worked expansively. In 
order that the t bes m ght be kept clear of soot as 
well as of sahne ncrustat ons, the fi maces were so 
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eOntriTed that the volatile parts of the coal were 
distilled off as gas, and passed into the fire through 
hollow furnace bars perforated at the sides, to the 
end that the gases should be mixed with their proper 
proporticm of atmospheric air before being mixed 
with the gaseous products of combustion, which are 
not only xminflammable themselves, but impart that 
property to combustible gases, if mixed with them 
in large proportion. The principle then adopted and 
promulgated by me was, that instead of endeavour- 
ing to bum smoke, we should rather endeavour to 
prevent it ; and this doctrine, communicated by me 
to Mr, Gharlea Wye Williams, was subsequently 
preached by hkn with zealous iteration, and is now 
pretty generally accepted. In this boiler the draught 
was maintained by an exhausting fan — an expedient 
which did not originate with me, but had been pre- 
viously introduced by Ericsson ; and I subsequently 
employed such fans, as Ericsson also did in various 
steam-vessels. But on the whole, the conclusion I 
arrived at was, that a steam jet in the chimney is to 
be preferred^ It has been conclusively shown by the 
experiments of Peclet and others, that an artificial 
draught is producible with a much smaller expen- 
diture of fiiel than a natural draught ; and in steam 
vessels, where a great height of chimney is inadmis- 
sible, this is especially so, as the larger part of the 
exhausting column has to be discarded. The parti- 
cular arrangement for separating the gases firom the 

coke in the boiler referred to was defective in this 

o2 
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respect, that it entailed too much trouble upon the 
fireman ; and mechanism should be substituted for 
hand firing in the case of all large boilers. But 
there is no doubt that the principle on which my 
boiler of 1838 was constructed was intrinsicallj cor- 
rect ; and I expect to see gas furnaces of analogous 
form come into use, the fuel — which may be petro- 
leum — being introduced into a retort with water or 
steam. Gas tar was thus employed by me in 1834 ; 
and should liquid fuel take the place of coal to any 
extent — as is probable— gas furnaces will become of 
easy application, and will bring many advantages in 
their train. An example of a common form of tubular 
boiler is given in^^. 9, which is a marine boiler with 
Beardmore^s superheater introduced in the up-take. 
The flame and smoke, ailer passing over a brick bridge 
at the end of the furnace, return through the tubes 
to the front of the boiler ; and the smoke then passes 
up the chimney, but on its way thither encoimters the 
horizontal tubes of the superheater. In this super- 
heater there are two sets of tubes, separated by a 
diaphragm ; and the steam passes back through one 
set of tubes, and forward through the other, so that 
it traverses a distance equal to twice the length of 
the superheater. 

The best forms of tubular boiler do not differ 
materially from that constructed by me in 1838 ; and 
with the increasing pressures which are now used, 
it is inevitable that the rectangular shell at present 
employed should be discarded. The boilers intro- 
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duced by Messrs. Penn in the Hydra are represented 
in figs, 10 and 11 ; and these boUers have the advan- 
tage of a cylindrical shell, and may be worked with 
safety to a pressure of 40 lbs. on the square inch. 
But the iumaces are too small ; and cylindrical fur- 
naces are very inconvenient for enabling a proper 
slope to be given to the fire-bars, as the width of the 



Fig. 10. 



^.11. 




BoiLBBs OF H.M.S. Htdra, bt Messrs. John Pbnn Ain> Son. 
Trausrerae Section, showing Tubes. Transrerse Section throngh Fnmaceo. 

bars at the back end is necessarily contracted ; and 
the bars must either be made taper, or taper pieces 
must be cast to fill the vacuities at the front. There 
is also too little room for the ashes. 

The species of water-space boiler known as Lamb 
and Summers' boiler has now been widely intro- 
duced, and has this special feature of advantage, that 
it enables a rapid circulation of the water to take 
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place. Thia boiler is ehown in fig. 13, whicb ia > 
tnuurerBe Bection of the boilers of tlie Bteamer Bipon. 




BOILEBS WITH UFSIOHT TUBES. 25 

In this boiler the smoke, instead of being returned 
throngli small cjlindrical tubes, ia returned through 
a row of very narrow flat-sided flues ; and in order 
to present these flat aur&ces from being forced to- 
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gether by the pressure of the steam, thej are strutted 
asunder bj short struts, so that in the interior of the 
boiler, the whole heating surface of these flues is clear 
of stays or other obstructions. 

The same benefit of an effectual circulation that is 
obtainable in Lamb and Summers* boiler is also ob- 
tained in the boiler with upright tubes invented by 
that remarkable genius the late Earl of Dundonald, 
and of which an example is given in fig. 13, which 
is a longitudinal section of one of the boilers of the 
steamer 'Atlantic* Boilers on this principle are not 
much used in this country, except in the case of the 
hay-stack boilers invented by Mr. David Napier, and 
which are very generally employed in the river 
steamers plying on the Clyde. In these boilers up- 
right tubes, with the water within them, are also 
employed. 

The importance of maintaining a rapid circulation 
in the water of the boiler is not yet suflGlciently re- 
cognised. Not only will a rapid circulation add to 
the durability of the boiler by preventing the plates 
fi*om being overheated, but it will materially increase 
the efficiency of the heating surface; and in the 
boilers of the * Atlantic,' it was found that by insert- 
ing a short piece of tube in the mouth of each up- 
right pipe, whereby the length and consequently the 
velocity of the ascending column was increased, a 
sensible advantage was gained in the performance of 
the boiler. In many tubular boilers the tubes are 
set so closely together, that the circulation of the 
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water ammigst them ia greatly impeded ; and it haa 
in coDsequence been fouDd, tbat tlie evaporative 
power of sucb boilers has beea increased by removing 
some of the tubes altogethei — the loss of a part of 




the heating surface being more than c 
the increased efficacy of the rest. 

An example of the form of tubular boiler com- 
monly used in first-claas ateamers in 1867 is given 
ia^g. 14, which is a crosa section of the troop-ship 
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Jumna, showing the boilers. The Jumna is of 
4,175 tons burden, and is 366 fbet long and 49 feet 
broad. Her engines, which are by Messrs. Maudslaj, 
are of the return connecting rod type, with three 
cylinders, each 77 inches diameter, and 4 feet stroke. 
There are four boilers, two at each side of the stoke 
hole, and twenty furnaces each 7 feet 6 inches long, 
and 3 feet 4 inches wide. The boilers contain 2,780 
brass tubes 2^ inches outside diameter, and 6 feet 
6 inches long. 

PROPORTIOKS OF BOILERS. 

The proportions of boilers per nominal horse power 
are aOTocted by two considerations — ^the first, what 
ratio it is intended shall subsist between the actual 
and nominal power ; and the second, what amount 
of sur&ce shall be allowed for the evaporation of a 
cubic foot of water in the hour. The greater the 
excess of the actual over the nominal power, and the 
less the expansion, the larger manifestly must be 
the surface per nominal horse power ; and in propor- 
tioning boilers of every class the main thing to be 
had regard to is the number of cubic feet of water 
required to be evaporated in the hour. But in dif- 
ferent classes of boilers very different quantities of 
surface are required to evaporate a cubic fbot per 
hour. Thus in Smeaton^s boilers a cubic foot was 
evaporated per hour with 5 square feet of heating 
surface, in Watt's land boilers with 9 or 10 square 
feet, in locomotive boilers a common proportion is 5 
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or 6 square feet, and in Cornish boilers 70 square 
feet ; and those boilers which have the most heating 
sur&ce per cubic foot evaporated are the most econo- 
mical in coal. Thus in Smeaton^s boilers, a hundred- 
weight of coal evaporated 14*11 cubic feet of water; 
in Watt's boilers about the same ; in locomotive 
boilers from 11 to 12 cubic feet, and in Cornish 
boilers about 19 cubic feet. The election therefore 
has to be made between a large amount of heating 
surface per nominal horse power, and a somewhat 
increased consimiption of coal. A given amount of 
heating surface however will be made more effectual, 
if a high temperature be maintained in the furnace, 
and if the circulation of the water within the boiler 
is rapid and unimpeded ; and at all times the evapo- 
rative efficacy of the boiler will be much increased 
by quickening the draught either by a blast pipe in 
the chimney or otherwise; but as somewhat more 
of the heat will in such case go up the chimney, 
there will be a somewhat increased consimiption of 
coal, unless the area of chimney is diminished. In 
land and marine boilers the area of the ^rnace throat 
above the bridge should not be made too great ; the 
bars should be thin and the air spaces narrow ; and 
the air entering the furnace, and the feed water, 
should be made as hot as possible by the educted 
steam and the escaping smoke. 

The proportions of marine tubular boilers, as sub- 
sisting from 1844 to 1854, are exhibited in the fol- 
lowing table: — 
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FROPOBnONS OF Mabznb Tubulab BonjEBS. 

By Bonlton, Watt, h Oo., 1844. 

The aotnal power ia here simpoeed to be 2^ tiznee the nominal, and the 
steam to be of 10 lbs. pressure per square inch, and to be cat oil ai 
two-thirds at the strolra. 



ATMS and Contents. 



Heating sorface of tubes in sq. ft. 
Heating surface of plates in sq. fi 
Total heating surface in sq. ft. 
Area of gnte in sq. ft. . . 
Sectional area of tubes in sq. in. . 
Sectional area of furnace uptake in i 

sq. in I 

Sectional area of chimney uptake in ) 

sq. in j 

Sectional area of chimney in sq. in. . 
Area of base of boiler in sq. in. . . 
Capacity of boiler proper in cub. ft. . 
Capacity of steam-chest in cub. ft. . 
Total capacity of boiler and steam- 1 

chest in cub. ft. ..... ) 

Batio of diameter to length of tubes . 
Bado of area to length of tubes . . 
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-23 to 1-30 






-12 to 1-16 







In modern boilers, by the same makers, the pro- 
portion of grate of heating suriace and of sectional 
area of tubes and chimney to evaporate a cubic foot 
of water per hour remains much the same ; but as the 
proportion of actual to nominal power has been much 
increased, the dimensions of the boiler per nominal 
horse power have been much increased. Thus in 
the steamer * Scud,' the engines of which were made 
by Boulton and Watt, the heating surfece per nominal 
horse power is 28 feet, but that vessel works up to 
8 or 8^ times the nominal power. In more recent 
engines the same makers have given as much as 3l 
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square feet of heating surface per nomiiml horse 
power. But these are exceptional cases : the usual 
proportion they give is 21 square feet per nominal 
horse power. Taking the evaporation as the measure 
of the power of the boiler, their present proportions 
for evaporating a cubic foot in the hour are as 
follows : — 

Pbofobtions of Eoilbb to Evaporate a Cubic Foot of 
Watbb in the Houb. 1868. 

Total heating surface of tubes and plates . 10 square teeC 

Grate surface 70 square inches. 

Sectional area of tubes 
Sectional area of back uptake 
Sectional <#ea of front uptake 
Sectional area of chimney . 



10 



15 
12 
6jto7 






The quantity of water required to be evaporated 
to produce an actual horse power, depends of course 
upon the rate of expansion. Boulton and Watt 
usually put sufficient lap upon the valves to cut the 
steam off at half stroke, and then by the aid of the 
link, they are able to cut off at ^ of the stroke if 
required. 

The particulars of the proportions and performance 
of the boilers of a number of modem steam vessels^ 
as also the proportion of a condensing surface per 
nominal horse power in the tubes of the condenser 
and other material £icts, are recorded in the foUowing 
table : — 
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SMOKE BURNING. 

Notwithstanding the number of smoke-biiming 
furnaces which have at different times been intro- 
duced, it cannot be said that anj plan has yet been 
contrived which so far satisfies the conditions of the 
problem as to command general recognition of its 
eligibility, or to lead to its general adoption. These 
plans operate either on the principle of admitting air 
above the fuel to bum the smoke — which has tho 
radical defect that the production of smoke in ordi- 
nary furnaces is variable, whereas the admission of 
air is constant, so that either too much or too little 
will generally enter — or on the principle of passing 
the smoke over the incandescent fuel, or through 
red-hot pipes or fire-brick passages — ^which though it 
will diminish the smoke, will rarely wholly prevent 
it ; while the apparatus required is generally cum- 
brous. A proper smoke-burning furnace should ob- 
viate the smoke effectually ; and it should be of simple 
construction, and be exempt fi:om the objection of 
admitting too much or too little air to bum the 
smoke. In steam vessels it is most desirable that 
some proper species of firing apparatus should be em- 
ployed ; as the labour and difi^culty of firing large fur- 
naces at sea, especially in hot climates, is very great. 

It has already been stated that the tubular marine 
boiler introduced by me in 1838 and patented in the 
same year was fitted with smokeless furnaces, the gases 
being generated in retorts placed in suitable chambers 
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lined with fire* brick, and commnnicatiDg with the 
furnaces by short necks, through which the heat as- 
cended. In 1839 I introduced smokeless furnaces 
into different steamers, in which the arrangements had 
to vary to suit existing boilers ; and in some cases I 
caused the smoke to pass over the incandescent fuel, 
m other cases to pass through heated fire-tile chan- 
nels, and in other cases again two adjacent fiimaces 
were fired alternately, and the smoke firom the one 
passed through the glowing embers of the other. All 
these expedients, however, are imperfect; and no 
species of smokeless furnace has yet been contrived 
of such conspicuous eligibility, as to ensure its general 
adoption. I believe that a good smokeless furnace 
and a good self-feeding furnace will come together. 

giffard's injector for feeding boilers. 

This is an instrument for forcing water into boilers 
by means of a jet of steam proceeding from the boiler 
itself; and its action is somewhat paradoxical, as it is 
capable of sending water into a boiler which has a 
considerably greater pressure of steam than that 
which the steam comes from. The feed water must 
not be hotter than 120° Fahrenheit, to enable the 
injector to act ; for one condition of its action is that 
the steam shall be condensed; and this circumstance 
appears likely to restrict the use of the instrument — 
unless suitably modified — as the feed water should 
certainly enter the boiler at the boiling point, to 
which it should be raised by heat otherwise going to 
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waste. In this injector a stream of steam entering 
from the boiler at the highest nozzle, represented in 
fig, 51, is directed upon water entering the instrument 
through the nozzle next below; and as the whole 
power of the issidng steam has been expended in 
giving momentum to its own particles, that power, 
which cannot be destroyed, reappears as increased 
pressure, and forces the water into the boiler.* 
Should the water be shut off from the boiler as not 
being required, then it escapes, by the nozzle next 
beneath, through a loaded yalve of the usual kind ; 
and the yalve at the bottom of the instrument prevent? 
the return of the water when the instrument is not in 
use. The advantage of this apparatus is that it gets 
rid of the feed pump with its valves, which have 
been a source of constant trouble in engines working 
at a high speed. But unless it can be so modified as 
to send the feed water into the boiler at the boiling 
point to which it will be heated by the waste heat of 
the engine, I do not see how this injector can be 
retained as a main feeding instrument, though it will 
always be valuable as an auxiliary. 

The sizes and prices of different injectors, proper 
for sending any desired number of gaUons of water 
into a boiler in the hour, are given in the following 
table : — 

* The injector is virtually a hydraulic ram reversed, in 
which the small quantity of water in the steam, moving at a 
high velocity, forces a larger quantity of water against a 
lower head. 
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The construction of these injectors is a special 
branch of manufacture ; and in applpng to the manu- 
&ctarer for any suitable size, it is necessary to state 
the niunber and description of the boilers for which 
the injectors are intended, and also to state whether 
they are to have a brass or cast-iron casing, as this 
last condition will affect the price.* 

Delabarre's Steam Jet, This is an arrangement 
for increasing the efficiency of a steam jet in chim- 
neys. The jet orifice is surrounded by a short piece 
of pipe of larger diameter, and it by another short 
piece of still larger diameter, and it by another short 
piece still larger, and so on as far as is deemed 
desirable. These short pieces of pipe are all open at 
each end like ferrules, and the length of each is about 
equal to its diameter. The bottom of each is set on 
a level with the top of the preceding one, and the 
bottom of each is slightly belled out to intercept the 
smoke. A jet of this kind placed in a chimney is 
believed to be more effectual than a common jet, 

* The following formula is given for determining the size or 
delivery of a Giffard*s Injector : If p be the pressure of the 
steam in atmospheres, n the diameter of the throat in inches, 
and o the number of gallons delivered per hour, then 0= 

(63-4 d) * Vp and d= -0168 y/-^ Thus if the pressure of 

■team be 60 lbs. or 4 atmospheres, and the number of gallons 

to be delivered per hour be 308, then -0158 /^=0168 

^'^154>-'0158x 12'4='19592 = diameter in inches = 5 milll- 
zn^Toe, as in the table. 
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"which will ascend the centre of the chimney without 
much affecting the surrounding smoke; whereas by 
this arrangement each succeeding pipe transforms the 
jet preceding it into a new jet of less velocity and 
larger Tolume, imtil at length the whole column of 
smoke in the chimney is brought under the influence 
of the central jet. 

On the benefit of Steam Jackets, — The benefit of 
steam jackets round cylinders was ascertained by 
Watt, and such jackets were habitually used by him. 
But among succeeding engineers, jackets fell into 
disuse, as it was hastily and erroneously concluded 
that the waste by radiation was the only loss incident 
to the cooling of the cylinder, and that this loss 
would be as great in the jacket as in the cylinder. 
This error has now been for some years exploded. 
Nevertheless, although some few engineers have long 
urged the application of steam jackets to marine and 
locomotive engines, it is only very recently that 
jackets have been adopted by the best marine engine 
builders, and they are not even yet used in locomo- 
tives. One reason of this tardiness of amelioration 
is no doubt the fact, that steam jackets add something 
to the cost of the engine ; and their full value, more- 
over, has not been sufficiently known or imderstood, 
since the whole question has been believed to be 
one of radiation, whereas the loss is by no mean«« 
measurable by the loss from radiation, but is a 
much larger loss, and arises from the fact of the 
inner surface of the cylinder being cooled and 
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heated by the steam at eyeiy stroke of the engine. 
By comparing the actual diagrams obtained from 
cylinders without jackets with the theoretical curve, 
the loss has been found to amount in different cases 
to 11'7 per cent, to 19*66 percent., to 27'27 per cent, 
and 44*58 per cent. This loss is caused by the 
circumstance thiit the mass of the cylinder must 
remain at the average temperature intermediate 
between the highest and the lowest temperatures of 
the steam ; so that when high pressure steam, which 
also has a high temperatiure, enters the cylinder, a 
considerable quantity of steam is at once condensed, 
owing to the abstraction of heat by the metal, and 
also to the transformation of a part of the heat into 
mechanical power. So soon as the steam is cut off 
and allowed to expand, it falls much more rapidly in 
pressure than answers to its augmented volume, 
owing to still more of it being condensed into water. 
The action of the steam is to heat the inner surface 
of the cylinder ; and towards the end of the stroke, 
when the steam is much lower in pressure, and 
consequently in temperature, than it was at first, the 
temperature of the cylinder relatively with it is 
sufficiently high to boil off the water that was con- 
densed from the steam as it entered the cylinder; 
and such water becoming steam causes the pressure 
to rise, and thus the curve approaches the true 
expansion curve at the end of the stroke. The 
cylinder is cooled by the loss of the heat used in 
boiling off the water shut within it, and the cooled 
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cylinder condenses the next Tolume of steam that 
enters to perform the next stroke. Thus it follows, 
that without steam jackets a large quantity of steam 
passes through the cylinder in the form of water, 
without doing work ; whereas if the cylinder is steam 
jacketed, no condensation takes place, and the whole 
steam does its full duty according to the degree to 
which it is expanded. Indeed, without steam jackets, 
or hot air jackets, or other equivalent means of 
keeping up the temperature of the cylinder, it will 
follow that the cylinder will act to some extent as a 
condenser at the beginning of the stroke, and as a 
boiler at the end of the stroke. 



HIGH PRESSURE, EXPANSION, AND SURFACE CONDEN- 
SATION. 

The use of a high pressure of steam worked ex- 
pansively is now beginning to acqiiire general accep- 
tation in every class of engines; but, in steam vessels, 
the use of steam of any considerable pressure involves 
the necessity of employmg sur&ce condensers, so that 
the boilers may be fed with fresh water, as where 
salt water is used there is always the risk of salting ; 
and if a boiler with a high pressure of steam were to 
be salted up, so as to become red hot, it would pro- 
bably burst. I have long discerned the importance 
of this combination for the purposes of steam naviga- 
tion ; and in 1838 I took out a patent for using 
high-pressure steam expansively in steam vessels, in 



bouhke's expasbioh valve. 



vhich plan the feature of 
external condensation vras 
introduced. TheboUerpro- 
posed to be osed, and which 
was practicaUy constructed 
by me at that time ie shown 
in fig. 8. The steam wbd 
proposed to be uaed expan- 
sively, and was cut off by 
a slide ralve formed of two 
movable plates worked on 
the back of the common ahde 



valve; andthed^;reeofex- 
panmon was regulated by a 
right- and left'hand screw, 
which drewthe plates nearer 
together, or separated them 
wider apart, according as 
muchoilittle expansion was 
desired. The spindle on 
which the screws were cut 
passed through a stuffing- 
box, and WHS armed at the 
top with a cross handle, by 
taming which tie amount 
of the expansion was de- 
termined. 

This arrangement is 
shown in ^g. 16, and it is 
the first example, so iar us 
I am aware, of the applica- . 




iubri'b ExFinaiaH Talti, 1818. 
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tion to the valve of piateB advanced or retired by 
right- and left-hand screwa to r^ulate the Rxpanaion. 
A similar arrangement proposed by Mayer in 1840 is 
repreaented in jig. 17. 




The Eteam under tlie arrangement recited was 
proposed to be condensed by being sent among a 
number of emaU copper tubes immerged in cold 
water. A amilar method of condensation had been 
employed by Watt, but was dismissed by him on 
account of the cumbrous nature of the apparatus it 
involved, without conferring compensating benefit ; 
and it was afterwajda revived by Samuel Hall, about 
1835, as an expedient for rendering marine boilers 
less subject to rapid decay than at that time they 
were found to be. But aa Hall's condenser was not 
found to increase tlie durability of the boilers, it was 
discarded as an unserviceable innovation, which 
would hardly have been its fate if it had been com- 
bined with the use of high-presaure steam, and if it 
had been shown that its employment was necessary 
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to enable high-pressure steam, with its concomitant 
benefits, to be applicable with safety. For many 
years, however, there was a marvellous apathy among 
the proprietors of steam engines r^arding the con- 
sumption of fuel, except in Cornwall, where the 
system which prevailed of ascertaining and publish- 
ing the consumption of a great number of engines 
induced corresponding emulation and improvement. 
But the conviction has at length dawned upon us 
that in the case of all processes requiring a large 
expenditure of power, and especially in the case of 
steam navigation, the difference between a large and 
small consumption of fuel is so momentous that it 
may determine the success or ^ilure of the specula- 
tion ; and sur&ce condensation is now very properly 
r^;arded not as a primary source of gain, but as an 
expedient for saving fuel by enabling steam of a high 
pressure to be used in steam vessels with safety. 
The surface condensers are nearly in all cases formed 
¥rith small brass or copper tubes, and these tubes are 
sometimes drawn out of the solid, and sometimes 
formed out of brass or copper sheets brazed. The 
tubes with the brazed joints are, on the whole, the 
best, as in the drawn tubes the smallest speck in the 
metal is drawn out or elongated into a crack ; and 
such tubes are consequently more liable to split. In 
some cases the water is sent through the tubes and 
in other cases the steam ; but, on the whole, the best 
practice is to send the water through the tubes ; and 
the steam should enter at the opposite side firom the 
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water, so that the hottest steam may meet the hottest 
water. This arrangement was first proposed in my 
patent of 1838, and circulating and feed pmnps 
worked by supplementary engines w^e then also 
first introduced. The proportion of condensmg sur- 
fiice commonly allowed for each nominal horse power 
Taries fix>m 12 to 18 sq. fi;. and some engineers 
maintain that there should be as much cooling sur- 
face in the condenser as there is heating surface in 
the boiler — a conclusion fix)m which I dissent alto- 
gether. I believe that 10 sq. it. per nominal horse 
power would be more than sufficient in all ordinary 
cases, if the surface were properly disposed, and a 
rapid circulation of the refirigerating water were 
maintained ; and indeed in a really well-constructed 
condenser, employing a small jet, I feel persuaded 
that 1 sq. il. of condenser sur&ce for each cubic 
foot eyaporated from the boiler would be sufficient. 
The main condition of efficiency in condensers is the 
maintenance of a very rapid circulation of water 
through the tubes. The usual arrangement is to 
place the tubes horizontally in a square box, and to 
bring In the water at the bottom of the box, and the 
steam at the top. The water frequently passes through 
one-third of the tubes at first, and is then returned 
through another third lying immediately above, and 
finally through the third portion, so that the hottest 
water meets the entering steam. But in scarcely any 
condenser is the circulation rapid enough, and it is 
much better to have a little more area in the circu- 
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lating pump, which will save sur^ice in the con- 
denser. 

In Hallos condensers a good deal of trouble was at 
first experienced from the tallow supplied to the 
piston and stuffing-boxes being distilled over with 
the steam and concreting in the tubes, so as to choke 
them up ; and in consequence of this occurrence oil 
was finally used for the pistons and stuffing-boxes 
instead of tallow. The same inconvenience has re- 
curred in some of the recent surface condensers ; and 
in engines furnished with such condensers it appears 
advisable to use oil instead of tallow, and also to use 
as little of it as possible. It is further advisable 
to feed the oil into the stuffing-boxes and pistons 
continuously, by some such arrangement as it is 
fed to the bearings by, as the necessary amount 
of lubrication will be thus given with the least 
oiL 

Where hot steam is employed in jacketed engines, 
and much tallow is, introduced, it is foimd that the 
tallow is decomposed, and carbonises the piston ; so 
that afler a time the piston becomes like a piece of 
plumbago, or like cast iron which has been long 
immersed in sea- water, and which finally becomes so 
sofb that it may be cut by a knife. It is further 
foimd that instead of the sur£ice condensers con- 
ducing to the durability of the boilers, we have the 
very reverse operation, and that it is necessary to 
introduce a certain proportion of salt water from 
the sea to prevent the boilers from being rapidly 
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destroyed. Not only is the grease from the engine 
carried into the tubes of the condenser, but a certain 
proportion of it passes into the boiler; and the 
Terdigns formed by the action of the grease upon the 
brass or copper tubes also distils over and attacks 
the surface of the iron within the boiler, so that in a 
short time it is eaten into pits and indentations, and 
becomes covered with an efflorescence of red rust. 
The presence of pieces of zinc within the boiler 
would probably hinder or retard this action; but 
the best antidote appears to be the introduction of a 
small jet of salt water into the condenser, which, if 
employed while the boiler is still new, will have the 
effect of covering the flues with a thin enamel of 
scale.* There should be no means of shutting off 
any of the surplus water thus introduced; but the 
surplus should escape spontaneously when the level 
becomes too high. The application of such a jet, 
moreover, will, if judiciously made, enable the refri- 
geratory surfe,ce of the tubes to be very much reduced, 
as the tubes will only be required to condense the 
hotter part of the steam, while the vapour may be 
condensed by the supplementary jet, if it is intro- 
duced at the proper place. 

* New boilers should be worked wholly with salt water at 
first, tuitil a scale forms upon them. The sulphate of lime in 
sea water is deposited at the temperature due to the pressure 
of three atmospheres without any concentration at aU; so 
that with high-pressure 8t«am in hoilers using salt water, the 
more blowing-off there is, the more deposit there will be. 
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It is exceedingly doubtful wheliher surface con- 
densers will succeed in maintaining the ground they 
at present occupy, unless their use is combined 
with higher pressures of steam than have yet been 
generally employed. The experience of the corro- 
sive action of such condensers on the boilers is uni- 
versal ; and in some cases, where the boiler has been 
w<n*ked with salt water ailer the corrosive action 
had set in, the scale purposely produced from the salt 
water could not be got to adhere solidly to the iron, 
but when struck it fell off in flakes, revealing a thick 
coating of rust below. In such cases it has been 
found advisable to beat off all the rust and scale, and 
to cover the interior of the boiler with a thin coating 
of Scott's cement. 

When sur&ce condensers are used^ it is the best 
arrangement with reciprocating pmnps, to draw the 
water through the tubes, ratber than to force it 
through. The circulation should be very rapid, and 
all the arrangements should be such as to enable the 
condenser to be converted at once into an ordinary 
condenser, should any circumstance occur to render 
the transformation advisable. In America a form of 
condenser is sometimes used in which there is a 
vacuum both within and without the tubes, imder 
which arrangement the tubes may be very thin, as 
there is no pressure upon them. 

The tubes of surface condensers are usually half or 
five-eighths of an inch in diameter, and from five tc 

E 
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Meven feet long. But it is better to make them shorter 
and larger in diameter. They are sometimes fixed 
in "with a brass screw — ^with a linen washer below, 
so 83 to form a gland at the end of each tube— the 
screw being screwed into the tube plate ; and at other 
times the whole end of the barrel or case containing 
the tubes is covered with a sheet of india-rubber, 
perforated to let the tubes through, and with a metal 
plate, similarly perforated but with somewhat smaller 
holes, screwed down on the india-rubber. A frequent 
arrangement also is to introduce a ferule of dry com- 
pressed pine round each tube, which swelling with 
the wet, makes a tight joint. 

The species of condenser proposed by me in the 
case of moderate pressures, consists of a common 
condenser fitted with two jets, one of which is placed 
in the eduction pipe, or very high up in the con- 
denser ; and the other about the centre of the con- 
denser. The water which enters by the highest jet, 
and which the steam first encounters, is not sufiicient 
to condense the whole steam, but is itself heated to 
the boiling point — in which state it is projected into 
the boiler ; and this boiling feed, being in excess of 
the requirements of the boiler, and being purposely 
80 arranged that it cannot be shut off, involves the 
necessity of a large amount of continuous blowing 
off. It is obvious that in this arrangement the ordi- 
nary jet will condense the residue of the steam not 
condensed by the first jet, and will maintain the 
vacuum at the proper Doint ; and this will be done 
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vith less condensmg water than usual, as if some of 
the water is withdrawn yerj hot, there will be less 
heat remaining to be abstracted bj the rest. Even 
in surface condensers it would be advisable to heat 
the feed water hj injecting it into the steam entering 
from the eduction pipe before sending it into the 
boiler, as there is a manifest loss hj sending the feed 
water into the boiler very cold, and probably a 
very small surface condenser with supplementary 
jet is the best arrangement in engines using high 
steam. 

In some engines the circulation of the reMgera- 
toiy water through the condenser is maintained by a 
common double-acting pump ; and in other engines 
the circulation is maintained by a centrifugal pump, 
driven in some cases by a separate small engine, and 
in other cases by gearing. In some arrangements 
the ordinary air pump of one of the engines is used 
as a circulating pump for both of the engines, and 
the air pump of the other engine is used as an air 
pump for both the engines. When a centrifugal 
pump is used, it appears to be the best arrangement 
to drive it by a separate donkey engine,^ the speed of 
which may be varied as desired, and which engine 
may also be made to drive the supplementary feed 
and bilge pumps. 

The question of the most eligible method of work- 
ing steam expansively, especially in steam vessels, 
has now become of much interest ; and various forms 
of double-cylinder engines have been put forth, pro- 

b2 
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fessing to satisfy the conditions of the problem. But 
it may safely be asserted, that for all pressures em- 
ployed in the ordinary class of existing steam vessels, 
engines of the common single cylinder type are as 
efficient as any other ; and in practice such engines 
are found to work quite as economically as engines 
with any greater number of cylinders, while they 
are manifestly simpler in construction. The first 
question that presses for solution in the case of steam 
vessels is, what kind of boilers shall be used that 
will be strong enough to withstand a high pressure 
of steam with safety ; seeing that the ordinary marine 
boilers at present employed are quite too weak for 
higher pressures than those which they are at pre- 
sent constrained to bear. For pressures up to 30 
or 40 lbs. per square inch, engines of the common 
type, with a length of stroke equal to the diameter of 
the cylinder, will answer very well. But if the 
pressure be raised to 60 or 70 lbs. per square inch, 
it will be advisable to double the length of the stroke 
and halve the area of the piston ; so that the maxi- 
mum pressure on the piston will only be the same 
as before, but the velocity of its motion will be 
doubled. In this increase of the velocity of the piston, 
there will be no disadvantage if the momentimi 
be balanced by suitable counterweights attached to 
the cranks, and if the cylinder ports are made as 
large for the long and narrow cylinder as for the 
short and wide one. If such pressures be employed 
as 150 or 200 lbs. per square inch, it may be proper 
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to introduce double cylinder engines. But the use 
of a long stroke is tantamount to the employment of 
double cylinders, in so far as it reduces the maximimi 
pressure on the piston ; and it is proper to exhaust 
the resources of single cylinder-engines by suitably 
modifying the proportions to answer the intended 
amount of expanmon, before entering on the ineligible 
complication of a multiplication of the number of 
cylinders. All engineers perfectly veil know that 
the gain in power producible by a given amount of 
expansion is equally attained whether such expansion 
is accomplished in one cylinder or in fifty. But the 
more cylinders there are, the more equable will the 
pressure be made throughout the stroke— at the same 
time that there will be greater complication. The 
equalisation of the pressure, however, may be pro- 
moted by increasing the length of the stroke, which 
is a simpler expedient than increasing the number of 
cylinders; and in steam vessels great equality of 
the pressmre is not important, while in land engines 
it may be attained to any desired extent by in- 
creasing the weight and swiftness of the fly-wheel. 
I do not by any means object to double-cylinder 
engines in toto. I only say that they should not be 
introduced for nothing ; and if they are introduced, 
such an increased pressure of steam should be intro- 
duced simultaneously as will afford fair compensation 
and proper warrant for the increased complication 
which the innovation involves. 
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BALANCED VALVES. 

The three-ported valve, or that variety of it called 
the gridiron valve, is the kind of valve generally used 
in every species of engine : and in all marine engines 
of any considerable size, the pressure is taken off the 
fiice of the valve by some suitable equilibrium ar- 
rangement applied at the back. The arrangement 
most usually adopted consists in the application of a 
ring recessed in a groove at the back of the valve, 
which ring moves steam-tight upon the back of the 
valve casing ; and within this ring a vacuum is main- 
tained by opening a conununication between the 
space encircled by the ring and the condenser. The 
practice of taking off the pressiure by an arrangement 
of this kind originated with Messrs. Penn, who 
instead of a ring used at first a square frame. But 
this apparatus was difficult to construct ; and it was 
consequently superseded by the ring, which was in- 
troduced by Mr. Edward Humphrys, to whom the 
steam engine is indebted for various improvements. 
In both Messrs. Penn*s and Humphrys' arrange- 
ments, however, the ring is placed in a recess on the 
back of the valve, and moves with it. But in some 
engines drawn out under my direction in 1857 by 
Mr. Edward Cooper, the ring was recessed in the 
back of the valve casing, and the back of the moving 
valve worked steam-tight against this stationary ring. 
This method of construction is now coming into 
general use ; and it is preferable to the other method. 
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as the ring, being stationary, is always accessible, 
BO that it may be tightened up when the engine is 
going, whereas under Messrs. Penn's arrangement, the 
engine must be stopped, and the steam shut off, before 
the screws which tighten the ring can be approached 
at all. The ring which rubs upon the back of the 
Talve may be of cast iron or brass ; and above it is 
usually placed a ring of india-rubber, and above that 
again a malleable iron ring, on which last ring the 
points of the tightening screws press. The whole of 
these rings are sunk in a recess cast in the door which 
covers the back of the valve casing ; so that the cast- 
iron or brass ring rises only a little way above the 
inner surface of the door. The back of the valve is 
planed true, and is sufficiently elongated for a portion 
of it to fall at all times within the ring, notwithstand- 
ing the travel of the valve. 

Waddell's method of taking the pressure off the 
back of the ordinary D valve is shown in Jig. 18, 
which represents one of the slide valves of the 
Cunard steamer *■ Scotia.* It will be seen that there 
are two packings applied to the back of each end of 
the valve leaving intervening spaces in which an ex- 
haustion equal to that subsisting in the ports is main- 
tained by the small commimicating pipes, a A, and the 
yalve is thus sucked backward with the same force 
that it is sucked forward against the £ice, whereby the 
equilibrium is maintained. The back of the valve is 
pressed on by brass segments behind which is india- 
rubber moved forward by blocks pressed by screws. 



BECENT IKPBOTEHENTS. 



An example of the ordinary gridiron slide with 
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ring at the hack, for tak- 
ing off the presBure b 
Bhown in _fig, 19, which 
ia a representation of 
the section of one of 
the valvea of the eciew 
en^ea of the Great 
Eaatem. A form of tbIts 
w th a sliding plate in- 
terpoeed between the 
&ce8 of the valve and 
cyhsder has beea pro- 
posed by Meaara. Kapier 
and Rankine, and is re- 
presented in _figs. 20 and 
21 where A is the centre 
of the exhaust post; bb, 
B c and B c are the bars 
or fixed parts of the 
valve seat ; C d, C D are 
he cylindnr porta ; C C 
the eduction edges; dd 
I the eduction edges; DE, 
D E the movable parts 
of the valve seat formed 
on the outer fiice of a 
tl ding plat« which has 
a reciprocating motion ; 
FB, F H a plane shdmg surface on the inner &ce of 
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Qwt plate ; G I, G I a plane surface forming an inner 
seat on which that plate slides; k l, kl tiie plane 




aurfeoe of the face of the dide valve. The movable 
plate derives motion from a cam ot eccentric, and bo 
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cuts off the steam. But arrangements very similar 
had been employed thirty years before this contrivance 
was brought out 



LINE MOTION. 

This contrivance for giving motion to the valves is 
now employed in nearly every class of engines. It 
was brought out and applied to locomotives by Mr. 
Robert Stephenson in 1843, and was first applied to 
marine engines by Mr. Edward Humphrys. In a form 
of the link motion constructed by me in 1836, only 
one eccentric was employed, which gave motion to a 
double-ended lever in which a slot was made nearly 
from end to end. In this slot the pin was placed 
which communicated with the valve rod; and by 
moving this pin along in the slot, which was done by 
appropriate mechanism, the engine was stopped or 
reversed, and any desired amount of expansion was 
accomplished. In another form of this apparatus a 
solid link was employed that turned down at the ends 
like a staple, and connected with the eyes of a double- 
ended lever, so that the link partook of the motion 
of the lever. The link was encircled by an eye 
within which was a globtdar brass to permit the 
angulation of the link, and a rod proceeding from 
this link joined the valve rod. This arrangement is 
shown in^. 22, where A is the double-ended lever, 
B the connecting rod which joins the valve rod, and 
c the starting handle, by moving which the rod b is 
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raised up on the link either to the toid-positioD when 
the ei^ine stops, or the top-poaition when It is re- 
Tersed. InteiTnediate positlonB will affect the degree 
of expansion in the same way as in the case of the 
common link motion. The defect of tliis arraoge- 

Fig. 33. 




BoiiEtKE's LiHK UonoN, lS3fi. 

ment was, that it did not reverse tlie lead in reversing 
the engine. Bat in most cases an imperfect action 
of the valve when the engine is moving backward is 
not VBTj material, seeing tbat it is only in rare cases 
that the engine is required to work backward for 
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any considerable length of time ; and the arrange- 
ment is simpler than the species of linlr motion now 
in common use. 

Examples of the forms of link motion now com- 
monly employed in marine engines are shown in 
fig8» 23 and 24. In these cases two eccentrics are 
employed — a combination accidental to the use of a 
fi)rward and backing eccentric in the old class of 
locomotives ; and the ends of each pair of eccentric 
rods were in these cases connected by a link so 
planned that when one eccentric was in gear the 
other was out of gear. The link motion as now 
formed sprung &om the perception that the motion 
of the valve might be derived from this link by a 
sliding eye or pin instead of from the ends of the 
eccentric rods, whereby the necessity of frequent 
connections and disconnections would be averted; 
whereas the idea of the arrangement I proposed in 
1836 was taken from the double-ended lever, before 
that time sometimes employed in steam engines, and 
by which the motion of the valve was reversed when 
the eccentric rod was shifted from the pin at one end 
of the lever to the pin at the other end of the lever. In 
Messrs. Humphrys and Tennant's link motion, shown 
in^. 23, the link is solid and passes through an eye 
in connexion with the valve rod, within which eye 
there is a swivelling brass to reconcile the discrepant 
motions of the link and rod. In Messrs. Penn and 
Son*s link motion, shown in^^. 24, the same end is 
attained by the pin which swivels in the brass which 
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traverses the slot in the link, and which pin projects 
from a cross head to which the two rods of the valve 
are attached. The brass is made to traverse the 
slot by lifting up the link by means of a vertical rod^ 
the upper end of which is screwed, and upon which a 
nut is rotated by a pair of small bevel wheels moved 
by a hand wheeL In each of the arrangements the 
weight of the link is balanced by a counterweight, 
80 that the link is movable with equal facility in the 
upward and downward directions. 

STARTING CTLINDERS. 

In the larger class of marine engines the links are 
now very generally moved by means of a separate 
cylinder and piston devoted to the special purpose of 
moving the starting gear. The starting cylinder em- 
ployed in the steamers * Ulster * and * Munster * is 
shown in^^. 25. The links of both engines axe moved 
in or out simultaneously by rods connecting them 
with the cross head of a small starting engine, which 
is formed without a crank; and the piston rod is 
made hollow, with a screw working in it, which screw 
may be turned by the hand wheel shown at the top 
of the figure, if necessary, to assist the in or out 
motion of the piston. Such assistance, however, is 
seldom required ; but on the contrary, the piston in 
its motion to and fro puts the wheel into revolu- 
tion, like the fly of a roasting-jack^ first in one 
direction and then in the other; and any jerk, 

t2 
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striking, or injurious rapidity in the motion of the 
piston is thus prevented. The hand- wheel is fur- 
nished with internal ha|idles, to enable the attendanta 
to obtain a firm hold of it without entailing the 
danger of striking them in its rotation ; and in prac- 
tice the apparatus is fbimd to work in the most satis- 
&ctory manner. 

Starting cylinders of this or some analogous con- 
struction are now much employed in siH classes of 
large engines. They were first introduced by my- 
self in the steamer ' Don Juan ' in 1837 ; and a 
drawing of the engines of that vessel, in which the 
starting cylinders are shown, was published in the 
first nimiber of the Artizan in 1843. In 1852 I in- 
troduced starting valves, and they are now becoming 
generaL 

COMBINED SCREW AND PADDLE ENGINES. 

In 1850, when it became important to accelerate 
the speed of a fleet of paddle vessels, I suggested a 
method of accomplishing the required acceleration, 
without disturbing the existing engines, by the appli- 
cation of an independent high-pressure engine in 
each vessel, which was to drive a screw placed at the 
stem ; and the steam &om this high-pressure engine 
was subsequently to pass to the paddle engines, and 
to drive them with the same pressure as that to 
which they had previously been subjected. This 
arrangement was virtually that of a double-cylinder 
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engiine, for the steam was used twice over; and 
althoagh the complication was greater than it might 
hare been advisable to incur in new engines, it was 
excusable imder the circumstances, as it afforded the 
means of accomplishing the desired acceleration with 
the least disturbance of the existing arrangements, 
and also at a trifling expense. I reckoned that each 
vessel, when laden for her intended voyage, aiier 
having been fitted with the auxiliary engine, would 
have been lighter than before; as, although the 
weight of the machinery would have been greater, 
the weight of the coals would have been less. By 
this expedient the power might have been nearly 
doubled without any increased consumption of coal 
per hour ; and as, by doubling the power, the speed 
\|rould have been rendered one-fourth greater, almost 
one-fourth of the coal would have been saved on the 
voyage. 

In 1852 the fi)regoing suggestion was published in 
my * Treatise on the Screw Propeller,* and shortly 
afterwards it was announced that the Great Eastern 
was to be propelled by paddles and a screw. I do 
not recommend the plan for new vessels. But I con- 
sider the introduction of a duplicate high-pressure 
engine, with a separate propeller, to be the most 
eligible means of accelerating old vessels, whether 
paddles or screws. In paddle vessels a single direct- 
acting high-pressure engine driving a screw— which 
may be placed outside the rudder as in Beattie's plan 
steam from this engine passing subsequently 
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to the paddle engines and driving them — is an ar*- 
rangement that is cheap, easily applicable, and certain 
to be effective. In screw vessels a single high- 
pressure paddle engine may in like manner be set to 
drive a pair of paddles; and the steam fix)m this 
engine would drive the ordinary screw engines a^ 
effectively as if they were supplied with steam direct 
from a low-pressure boiler. I believe that this form 
of the double-cylinder engine is likely to be intro- 
duced in all cases in which it is considered desirable 
to obtain more ^eed in existing vessels with less 
coals. 

MODERN FORMS OF SCREW ENGINES. 

Geared engines for driving the screw have now 
practically gone out, as I have long foreseen would 
be the case; and the species of horizontal steeple 
engine of some such construction as that described 
at page 433 of my Catechism of the Steam Engine, 
and recommended in the early editions of that 
work, is now the species of screw engine employed 
by the most eminent constructors. The class of 
engines called ' Forge Hanuner Engines,' in which^ 
two or more inverted cylinders are raised high upon 
framing, and the connecting rod engages the crank 
beneath, is still used by some makers ; and in many 
case&-and especially if the engines are of no great 
dimensions— they have been found to work very 
satis&ctorily. But, on the whole, the horizontal 
steeple engine is preferred; and some class or other 
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of hoiizontal direct-actmg engine is now used by 
Messrs. Penn, Maudslaj, Eavenliill, Napier, Rennie; 
and indeed by all the most eminent engineers. A 
litde further on I will give illustrations of some of 
the best existing examples of screw engines. 



ON BALANCING THE MOMENTUM OF ENGINES. 

The application of balance weights to the cranks of 
direct-acting screw engines, is now a very general 
practice ; and it is found to conduce to the easy and 
steady working of the engines in a very marked 
manner. This application was first made by myself; 
and I took out a patent for the improvement in 1852, 
at which time I constructed some screw engines that 
were thus fitted. Mr. Penn shortly afterwards ap- 
plied similar counterweights to the engines of the 
Himalaya, and since that time these counterweights 
.have been very generally introduced. It was foimd 
in the Himalaya, that without the counterweights, 
the engines gave a most uneasy motion to the vessel, 
and also worked with great tremor and jolting ; 
whereas when the counterweights had been applied, 
these injurious features of the rapid reciprocation of 
the engines were removed. 

The principle on which the size of the coimter- 
weights should be adjusted to the wants of the en- 
gine, is of very easy apprehension. If the centre of 
gyration of the counterweights describes a circle of 
the same radius as that described by the crank pin. 



72 BECENT IMPBOVEMENTS. 

then the counterweights must just be as heavy as 
the piston, and all the parts which move with it. 
But if the centre of gyration of the counterweights 
has a greater radius than the crank pin, the counter- 
weights must weigh less than the piston and its con- 
nections, and if it has a less radius, they must weigh 
more — the only material condition being that the 
momentum or amoimt of mechanical power resident 
in the coimterweights when moving in one direction, 
shall balance the momentum of the piston and its 
connections when moving in the opposite direction, 
and which weight may be supposed to be collected 
in the crank pin. 

MARINE GOVERNORS. 

All maiine engines, but especially screw engmes, 
are liable to sudden fluctuations of velocity from the 
varying immersion of the propeller in a rough sea ; 
and the necessity of employing some species of 
governor to redress these irr^tdarities, has long been 
perceived. The common form of engine governor 
that is used in land engines is obviously inapplicable 
to such a purpose, as the balls would open and close 
by the heaving of the ship; and various kinds of 
marine governors have been proposed to satisfy the 
want, of which the first, so far as I am aware, was 
invented by myself in 1834, and applied to the Don 
Juan steamer in 1837. This governor was formed 
with balls similar to those of a common governor ; 
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and it stood on a cross stay extending between the 
engines, which were of the side lever construction, 
and was driven by a bevel wheel on the intermediate 
shaft, which wheel gave motion to a bevel pinion 
placed on the top of the governor spindle, which 
stood in a vertical position beneath the intermediate 
shaft. Upon the spindle, near its lower end, was 
fixed a strong transverse bar; and on this bar the 
balls were stnmg, one ball being on each side of the 
▼ertical spindle. The balls were capable of being 
moved in or out on the transverse bar, but when the 
engine was at rest, they were retained in contact 
with the spindle by a great plate spring, one side 
of which embraced a collar or neck formed on each 
ball. When,, however, the spindle was put into re- 
volution, the centrifugal force of the balls overcame 
the tension of the spring to an extent corresponding 
to their velocity; and the outward motion of the 
balls acted upon the throttle valve by a connection 
similar to that usual in land engines, and which was 
moreover of such a nature, that the rolling or pitch- 
ing of the ship, if it affected one ball, would also 
affect the other in an equal and opposite manner, so 
83 to afford mutual compensation and extinguish the 
effect of the ship altogether. There was in these 
engines a throttle valve in the injection pipe, as well 
as in the steam pipe, and the balls were made 14 
inches in diameter, in order that they might have ade- 
quate power to overcome the friction of the parts, 
without requiring any gredt change of velocity to 
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give the requisite centrifugal force.* Figs, 26 and 



Fig, 26. 




BouBNfi's Makinx Govebnor, 1838. 

* I had models of several other kinds of governors con- 
structed, in some of which there were four arms, and the balls 
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27 are forms of this governor taken from the specifi- 
cation of my patent in 1838, fig. 26 being an eleva- 
tion and 27 a groimd plan. It is plain that instead 
of the links and spiral springs shown in^^. 27/ an 

Fig, VI. 




BOUBSV^B MABINB GtoVESNOB, 1888. 

elliptical spring of the same contoTir as the arrange- 
ment of links may be substituted, or other modifica- 

oompressed spiral springs. But only one example was prao* 
tically introdnced into a yessel by me, and as the vessel was 
lost shortly afterwards, this example was not much known. 
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tions of the principle may be employed which will 
be obvious on inspection,-^the main, and indeed, 
only, essential condition being that springs shall be 
employed instead of gravity to balance the centri- 
fugal force. Latterly, a marine governor called 
Silver's governor, and another called Porter's gov- 
ernor, both operating on the same principle as 
the foregoing, have been put forth. But the spe- 
cies of governor at present most employed in steam 
vessels, and which is known as Silver's fly-wheel 
governor, consists of a wheel like a small fly-wheel 
driven by a belt and with vanes like those of a 
&n fixed upon it, so that its revolution occasions a 
certain resistance. The driving pressure is trans- 
mitted through a spring, the tension of which mea- 
sures the amount of the rotative resistance, and if 
the speed of the engine is constant, this tension is 
constant also. If, however, the speed of the engine 
is increased, the tension of the spring will be in- 
creased, and if the speed of the engine is diminished, 
the tension of the spring will be diminished ; and 
these differences of tension are made to act on the 
throttle valve, and regulate the speed of the engine. 
In practice. Silver's fly-wheel governor is found to 
act in a perfectly satisfactory manner, and these 
governors have now been largely introduced; but I 
am not aware that in any vessel except the ' Don 
Juan,' the governor has been made to regulate the 
injection as well as the steam. 
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SHAFTS AND SHAFT BEABINGS. 

The shafts of important engines, such as marine 
engines for driving the screw propeller, and also 
cranked and other axles of locomotives, are now fre- 
quently made of steel, which is peculiarly suitable 
for the formation of shafts, as its tensile and crushing 
strengths are both very much greater than those of 
any other known material. Piston rods are also 
sometimes made of steel. But the benefit of the 
practice is not so conspicuous in that instance ; and 
in some cased steel piston rods have been foimd to 
break more frequently than iron ones. It is a good 
practice, however, to convert the iron piston rods 
into steel for a certain depth : as the benefit is thus 
retained of the toughness of the iron rod, with the 
additional gain of the exemption from ruts, and the 
high polish of the steel surface. In the case of large 
double cranks set at right angles — ^like those proper 
for a direct-acting screw engine — being formed of 
steel, it is a useful practice to join the two portions 
together by stout flanges placed in the middle of the 
length; as the magnitude of the piece is thereby 
reduced, and the inconvenience is obviated of having 
to produce so awkward a piece as that of a very 
large shaft with two double cranks at right angles 
formed upon it. In the casting of these shafts, the 
steel is melted in crucibles, and a succession of per* 
sons carrying these crucibles from the furnace to the 
point where the casting is made is kept up, so that 
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the whole of the mass of metal is collected into the 
casting in a short time. After the casting has been 
made, it is dug out of the pit, while still red-hot, 
and carried to the forge hammer, where it is beat 
and finished as a forging. Shafts formed in this 
manner of crucible steel are, however, very expen- 
fiive, and very good shafts are now made of Bessemer 
steel, which is formed by blowing air into melted 
cast iron imtil all the carbon is burnt out, and then 
adding a sufficient quantity of &esh cast iron to 
supply the carbon requisite for the formation of the 
steel. Locomotive axles are now very generally made 
of steel of this kind, and steel shafts are stronger and 
sounder than wrought-iron shafts. Nevertheless, in 
many screw steamers, even steel shafts have given 
way, and the best makers now make their screw 
shafts of twice the strength that they were wont to 
think sufficient for the same size of engine in paddle 
vessels. 

The length of the bearings of shafts rimning at so 
high a velocity as the crank shafts of direct-acting 
screw engines, is now often made 3 or 3^ times the 
diameter. Sometimes the bushes are lined with 
soft metal; and the shaft where it penetrates the 
vessel at the stem is usually covered with brass, and 
the pipe it passes through is lined with strips of 
wood, usually lignum vitce. This method, which 
was introduced by Mr. Penn, is represented in fig. 7, 
where a is a brass bush or covering which surroimds 
the shaft b, and which revolves with it. The cross 
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section of tLe Etaves, or slips of wood Bnrrotmding a, 
with an interreniDg fillet of metal to st«adjr the wood, 
ii Bhovn in tlie cot ; and 
the InbricatJon is aocom- 
pliahed hj the water 
which leaks tbrougli For 
the eyes of feathering 
paddle wheels, woodea 
boshes are also sometunes i 
enjoyed ; and generally 
each bnsh ia formed by 
tnming and bonng out 
a solid piece of wood, but 
it is found that bushes 
formed in staves answer as 
well. Heretofore lignum vitcB was the wood generally 
xised for these bushes. But it has now been found 
that A£ican oak answers as well. The pins of the 
paddle wheels should always be covered with brass 
when wood is used : as the sor&ce of iron becomes 
rough by corrosion, and then soon rasps the wood 
away. In sandy rivers wooden bushes do not last 
well, but are soon ground away ; and in such coses 
■ted bushes welded into the eyes and hardened, and 
fitted with hardened steel pins, are found to bo 
the best arrangement. Li sea-going steamers brass 
bushes and brass-covered pins are ibnnd to work 
very satisfiictorOy, and to wear well when die rub- 
bing Eor&ce is made large. 
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ACTUAL AKD NOMINAL HORSES* POWER. 

The actual and nominal power of enginea — ^at first 
identical or nearly so — soon began to diveige ; and 
in time, as the pressure of the steam was increased, 
the actual power of an engine became twice greater 
than it had been at first, while the nominal power, 
being an expression of the dimensions of the engine, 
remained the same. The divergence, however, did 
not stop here, but has gone on increasing, until in 
recent engines the actual power exerted has been in 
some cases nine times greater than is represented by 
the nominal power. In other words, an engine of 
200-horse power nominal has been proportioned to 
exert as much as 1,800 actual horses* power. The 
imcertainty and varying character of the ratio sub- 
sisting between the actual and nominal power is a 
source of much perplexity ; and proposals have been 
made in consequence to substitute some other imit 
for the horse power. But the proper course would 
be to retain the nominal power as a imit, but to 
define this unit to be a square yard or a square metre 
of heating surface of the boiler, instead of a given 
capacity of cylinder. As the boiler is the measure of. 
the power actually exerted by an engine, this method 
of reckoning the nominal power would preserve a 
more uniform ratio between the actual and nominal 
power than the present mode of reckoning. 

The rule at present followed for determining the 
nominal power of an engine was first given by my- 
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■elf in my Treatise on the Steam Engine in 1844. 
The rule called the Admiralty rule is the rule of the 
late Mr. Barnes, who gave it me in 1844, and was 
given by me to Mr. Lawrie, who made a slight 
change in it and subsequently communicated it to the 
Admiralty, by whom it was adopted. Mr. ^Barnes' 

rule was ^ ~.l — , where d was the diameter of the 
5640 

cylinder in inches, and r the velocity of the piston in 

feet per minute : and 1 inch was subtracted from the 

diameter of the cylinder, as a compensation for the 

friction. Mr. Lawrie discarded this allowance for 

the friction ; and the rule then became ^.^^ , which 
' 6000' 

is a simpler expression, but one which the Admiralty 

had no part in originating, as it was quite new to 

them when Mr. Lawrie communicated it. The rule 

given by me for the nominal power of land and 

paddle engines is —ji— > where d is the diameter of 

the cylinder in inches, and s the stroke in feet ; and 
the same rule is applicable to direct-acting screw 
engines by taking a different divisor. A proper 
divisor in the case of those engines would be 23*5, 
which will make the nominal power of a direct-acting 
screw engine exactly double that of a land or paddle 
engine of the same size ; and this rule, while suffi* 
ciently exact for practical purposes, wUl occasion the 
least amount of disturbance in the existing rules and 
tables for asf^ertaining the nominal power, as the 

a 
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power will jiut be the double of that wbicti the enl- 
isting low-speed rules and tables give, 

lu the average claaa of modem eaginea the actual 
power may be taken at 4 to 4^ times the nominal 
power. But in sotne cases it is the double of this, 
and rises to 8 or 9 times the nominal power. The 
pressure of steam and actual and nominal power of 
some of the modem vessels in the navy is tihown in 
the following table : — 
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ON THE RESISTANCE OP SHIPS. 

TLe doctrine first promulgated in my * Treatise 
on the Screw Propeller,* that in well-formed steam 
vessels of the common type nearly the whole of the 
resistance is occasioned by the iriction of the water 
upon the bottom of the vessel, instead of being mainly 
produced by the act of separating the water at the 
bow and closing it at the stem, as was the previous 
doctrine — is now receiving general recognition ; and 
computations based on that supposition are found to 
accord very closely with the results obtained by ex- 
perience. I was led to this conclusion from having 
to design some steamers in 1853, which I was desirous 
should possess the maximum speed with the minimum 
power, and I therefore constructed them on the 
pendulum lines recommended in the * Catechism of 
the Steam Engine,' as the most eligible for this pur- 
pose. I found the vessels when constructed and 
tried perfectly to fulfil my expectation of passing 
through the water with the minimum of disturbance, 
and there was no wave produced at the bow, or at 
any other part. Nevertheless, I did not find the 
speed to be sensibly superior to that of other vessels 
of ordinary good shape, and of similar size and power; 
and as in my vessels neaiiy the whole resistance was 
certainly that of friction, and as the total resistance 
was nearly the same as that of common vessels, ther^ 
waa no escape from the conclusion, that in ordinary 
sharp vessels nearly the whole resistance is also that 

o2 
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of friction. This discovery points to the supreme 
importance of endeayonring to reduce the friction of 
the bottom; and it is found by recent experiments 
made in France, that the friction will be a good deal 
influenced by the nature of the coating* which the 
bottom receives. There is a great need for improve- 
ment here ; whereas very little improvement is to be 
expected from altering the shape of the steamers we 
at present employ. We must of course draw them 
out to greater length, as we require higher speeds, 
and introduce more power; and contract them to 
shorter lengths as we are satisfied with the lower 
speeds proper to lens power. But this elongation or 
contraction is merely a question of putting up the 
frames nearer together or further apart, and does not 
afiect the shape, but only the proportion of length 
to breadth. The proper shape 'for a ship may be 
expressed by an equation, only there will be a cer- 
tain proportion of length to breadth, which will be 
suitable for such particular speed, or, in other words, 
the proper length will be a function of the intended 
speed ; so that if we wish to double the speed, we 
ought also to double the length. 

The friction of ships has been sought to be mea- 
sured by the friction of water running in pipes and 
canals. But the friction per square foot of a ship is 
much less than the friction of a square foot of pipe 
or canal when the water and the ship are moving at 

* This tx>pic is treated of more fully in my ' Hand-Book of 
the Steam Engine.' 
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equal velocities. The velocity of water in a pipe ia 
usually measured by the discharge. But the dis-t- 
charge measures only the mean velocity, whereas it 
is the maxtmum velocity which is alone comparable 
with that of a ship. Moreover there is every reason 
to believe, that the friction of a ship per square foot 
is not the same at all parts, but will be more at the 
bow and less at the stem. The friction of the bottom 
and sides puts in motion a film of water of increasing 
thickness, and also of increasing velocity, which 
moves with the ship ; and as the stem part is im- 
mersed in this moving water, the friction upon it is 
not so great as it would otherwise be. Screw pro- 
pellers placed at the stem utilise a portion of this 
moving colimm by working in it ; for the operation 
of this column is to diminish the visible slip, which 
is consequentiy less than would be the case if tiie 
screw were placed at the bow ; and in some cases, 
indeed, there is not only no visible slip in the screw^ 
but the visible slip is negative, or, in other wordsi 
the vessel travels lister than the screw. 



DOUBLE SCREWS. 

A screw placed in each quarter is now often em- 
ployed instead of a screw situated at the stem ; and 
in my Treatise on the Screw PropeUer, published in 
1852, 1 strongly recommended that method of con- 
struction. Two screws have these advantages over 
one : they enable the necessaiy propelling area t;o be 
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A 

obtained at a greater depth in the water ; and I long 
since explained — what Mr. Rennie's experiments 
have since demonstrated — that the resistance which 
the water would offer to the screw would depend 
mainly on iihe depth of its immersion, since the dis- 
placement will always be in the line of least resist- 
ance which is to the surface, and the resistance or 
grip will vary as the depth. Then two screws enable 
the ship to be easily manoeuvred, if they are driven 
by separate engines; and finally the vessel is not 
wholly disabled, but will still have suflficient pro- 
pelling efficacy to proceed on her voyage, even if one 
screw or screw-shafb should happen to break. These 
considerations render it probable, that two screws 
will obtain a preference over one; and each screw 
may be driven by a single horizontal balanced engine 
of the kind introduced by me in 1852, and which 
has been ever since at work in various vessels con- 
structed by me about that time. This species of 
engine is described in the Catechism of the Steam 
Engine, p. 433. 

VABIOUS FORMS OF SCREW. 

Notwithstanding the vast number of different kinds 
of Screws which have been tried and proposed since 
the first introduction of screw vessels, there does not 
appear to be any screw much better than Smith's 
original screw with imiform pitch, as fitted in the 
Rattler — ^though Griflith's screw is said to be slightly 
more effective, and Beattie's and Hangings reduce 
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the motion at the stem. For merchant vessels 
three blades are preferable to two. But in the 
case of war vessels made with lifting screws, more 
than two blades cannot be employed. Lifting screws, 
however, have now gone out of use altogether.- Tbe^ 
gear they involve is a source of expense and compli- 
cation, and is liable to shake loose in time and give 
trouble ; while the benefit of the arrangement is 
very small. Steam vessels will almost always use 
steam ; and for those rare occasions when it is wished 
to impel them by sails without steam, the resistance 
presented by the screw will not be great, if it be 
Bufiered to revolve like a great patent log, the func- 
tion of which it may also be made to fulfil in mea- 
suring the speed of the vesseL 



LAND ENGINES. 

Single and Double Ci/linder Engines compared."^ 
One of the most interesting illustrations of the com- 
parative merits of the single and double cylinder 
engine, is afforded by the simultaneous erection of 
certain engines of each class and of the same power 
at the New River Waterworks in London. Both 
classes of engines are rotative engines, and they 
employ the same pressure of steam. The single- 
cylinder engines which were constructed by Messrs. 
Boulton and Watt, have cylinders 60 inches diameter 
and 8 feet stroke. The double-cylinder engines 
which were constructed by Messrs. Simpson and Co., 
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have low-pressure cylinders of 46 inches diameter 
and 8 feet stroke, and high-pressure cylinders of 28 
inches diameter and 5 feet 6|ths stroke. The pumps 
are the same in each case, being the combined piston 
and plunger pump introduced by Mr. David Thom- 
son, and first employed by Messrs. Simpson in the 
Richmond Waterworks in 1848. The pressure of 
the steam in the boiler is 38 lbs. per square inch, 
and about 8 lbs. less than this in the cylinder at the 
commencement of the stroke. The pump lifts the 
water 127 feet, and the friction is about 33 feet. 
The performance of these two classes of engines is as 
nearly as possible the same, being about 87 millions 
of pounds raised one foot high by the consumption of 
a bushel or 94 lbs. of Welsh coals. This is equiva- 
lent to 1"9 or rather less than 2 lbs. per actual horse 
power per hour. 

Balanced and Double Cylinder Engine. — An ex- 
ample of this species of engine as made by Messrs. 
Carrett, Marshall, and Co. was exhibited in Paris in 
1867. In this engine the cylinders are horizontal 
and the cranks are nearly opposite to one another, 
so that the pistons move in opposite directions, 
thereby balancing their own momentum, while a very 
direct passage is at the same time afforded for the 
steam escaping from the high-pressure cylinder to 
enter the low-pressure one. The air pump is double 
acting, and for very high speeds is set vertically at 
the end of the engine, and is wrought by levers so 
proportioned, that the stroke of the air pump is lixilf 
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tihat of the piston. Messrs. Garrett and Co. consider 
tiiat this engine may be worked up to 600 feet per 
minute,* which may probably be done without incon- 
venience if the parts and passages are made suffi- 
ciently large, and if the bearings, piston-slides, and 
all the rubbing parts are made of su]3Sdent area, and 
are well lubricated. In very fast moving engines it 
would be proper to have a small oil pump which 
would send an excess of oil to all the bearings, and 
this excess should on overflowing be returned into a 
Small cistern or recess in the bed plate into which 
the oil pump would dip. A very effectual lubrica- 
tion would thus be attained with certainty, without 
trouble, and without waste of oil ; and the oil would 
not merely lubricate, but would cool the bearings, 
the heating of which at all speeds would thus be 
prevented. Various other makers exhibited double- 
cylinder engines at Paris in 1867, constructed on 
the principle of one piston being at the end of its 
stroke, while the other piston is at the opposite end. 
But it is better for the cranks to be at right angles 
ratiier than opposite, and the arrangement of putting 
them opposite is not likely to come into extended 
use. 

Forms of Combined Engines. — In cases where great 
imiformity of rotative power is important, combined 
with a large measure of expansion and a high pres- 

* In 1854 I constrocted a balanced marine engine with 
cylinder 42 inches diameter and 42 inches stroke, the piston 
of which worked at a speed of 700 feet per minute. 
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sure of steam, a form of engine discharging into an 
intermediate reservoir may be employed. This 
engine has two cylinders as usual, but instead of the 
pistons being made to operate on the same crank, as 
in ordinary double-cylinder engines, or on opposite 
cranks, as in Messrs. Garrett, Marshall, and Co.*s 
arrangement, the cranks are set at right angles with 
one another, so that when one piston is at its dead 
point the other is exerting its greatest power.* The 
small cylinder, instead of discharging directly into 
the large one, discharges into a reservoir beneath the 
engine, from which reservoir the large cylinder is 
fed; and the equability of motion proper to two 
engines working at right angles is thus obtained, 
with a large measure of expansion. This form of 
double-cylinder engine appears to be an eligible form 
in cases in which two engines are necessa.ry, as the 
benefits of large expansion are obtained without 
greater complication than that which appertains to 
two separate engines of the common kind. An 
engine constructed on this plan was shown at work 
in the International Exhibition of 1862. It was 
fitted with a steam jacket, and the steam was ex- 
panded into nine times its original volume. But 
of course by earlier cutting off, this measure of 
expansion might have been increased. 

ContiniLOus Expansion Engine. — In Nicholson's 

* This arrangement of the cranks and piston was patented 
by Craddock in 1844, and was described in the 'Artisan' at 
that time. 
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continuous expansion engine the benefits of large 
expansion without increased complication^ or the 
necessity of a receiyer, are obtained by admitting 
the steam irom the boiler into only one cylinder of a 
pair of engines ; and when half the stroke has been 
performed, and the piston of the other engine is just 
beginning its stroke and therefore requires steam, some 
of the steam from the first cylinder is allowed to enter 
the second one, so that the second cylinder draws its 
steam direct from the first, instead of firom a receiver ; 
but it draws it at the middle of the stroke instead of 
at the end. This method may be applied easily to 
any existing engines. As a method of expansion it 
is only as efficacious as any other in the production 
of power. But its recommendation lies in the cir- 
cumstance that the steam may be exhausted direct 
from one cylinder into the other, although the cranks 
are at right angles, and hence a large measure of 
expansion is producible in a pair of engines without 
increased complexity, without any risk of sticking 
on the centre, and with adequate equability of the 
rotative force. 

Donkey Engines, — Donkey-engines for feeding 
boilers have now come into very general use. Such 
an arrangement was prescribed by my patent of 
1838, and was introduced about 1843. Figs, 29 
and 30 represent Hawthorn's donkey-engine, which 
may be taken as a common type ; but Messrs. Haw- 
thorn turn the fly-wheel by a connecting rod, 
whereas a frame with horizontal fdot is more coin- 
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mon, and is adequate, seeing that the crank pin has 
no strain upon it except that required for moving the 
eccentric. 

Common Lever Engine, — ^The old form of beam 
engine is still used for many purposes. An approved 
form of engine and sugar-mill for expressing the 
juice from canes is shown in fig, 31. There is no 
novelty about this engine except the great strength 
of the different parts, which in this class of machinery 
is quite indispensable to obviate continual breaking 
down. The sugar- mill consists of three rollers, and 
the canes pass down tiie inclined feeding table, and 
pass under the upper roller which squeezes out the 
juice. 

Chaplin's Vertical Engine, — Fig, 32 is a repre- 
sentation of the species of vertical engine and boiler 
constructed by Messrs. Chaplin and Co. of Glasgow. 
The waste steam maintains a strong draught in the 
furnace, and the steam is superheated somewhat 
before it enters the cylinder. The engine and boiler 
are erected upon a cast-iron sole plate forming the 
ash pan, and into which water may be poured if 
desired. In some cases these engines are. made with 
double cylinders ; and besides being extensively em- 
ployed for land purposes, they have been largely 
introduced into ships for pumping, hauling ropes, 
discharging cargo, &c. In many cases they are 
combined with a steam cooking apparatus, and a 
distilling apparatus, for producing fresh from salt 
water ; and the same fire which heats the cooking 
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Fig. 33. 
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xange also raises the steam in the boiler. The steam, 
in passing into the vessel in which it is condensed, 
sucks in sufficient air to aerate the water ; and after 
being filtered by a filter attached to the condenser, it 
is then ready for use. In passenger ships the engine 
may be made to drive proper ventilating fiuis. I 
consider that every ship ought to be fitted with an 
engine, as it would increase the safety of the ship^ 
reduce the labour, and add to the comfort of all on 
board, while it also might be made available, with a 
simple apparatus, for the slow propulsion of the ship 
in calms. 

Another form of vertical engine and boiler con- 
structed by Carrett and Co. is shown in fig, 33. 
Here it will be seen that, as in the previous example, 
the engine is placed on the top of the boiler, and no 
foundations are consequently required. The heating 
surface of this boiler is all formed of boiler plate, and 
consists of an internal fire box, water box, and 
uptake flue. 

Ordinary direet-aeting Vertical Engine, — ^In the 
vertical engine of Mr. Ferrabee of Stroud, the crank 
shaft lies across the top of an appropriate framing, 
with the cylinder beneath. This engine is repre- 
sented in fi^. 34, which is sufliciently illustrative to 
enable the material features of the engine to be 
readily apprehended. The engine is fitted with an 
expansion valve of the piston construction, and the 
amoiuit of expansion is regulated by the governor 
which moves in or out, in an appropriate link motion, 
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the point vhich moves the expamdon valve ; and tbe 
amount of its throw ia correspondinglj afibctad, and 
consequently the rate of-tha expansion. The feed 
water ia heated hj the waste ateam, and the general 
demgn of the engine ia veryjudidona. 

Enginet for centrifugal pumps. — At the Paris 
EzUbidoD of 1867 an engine for driving a &n direct 
was shown by Mazoline, and Gwynn also had a small 
and simple horizontal engine driving a centrifiigal 
pump direct. 

Fie. Si. 
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The best form of centrijugal pump is that of 
Appold with curved vanes, aa Tepiesented in _fig. 35. 
In 1831 pumps by Appold with atraight vanes, with 
inclined vanea, and with curved vanes, were careJiilly 
t«Bt«d, and it was found that the work done relatively 
to the power expended an)ount«d with the pump with 
straight Tanes to 24 per cent., with the pump with 
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inclined vanes to 43 per cent., and with the pump 
with curved vanes — fuch as are shown in, fig. 34 — 
to 68 per cent This pump has been much used in 
raising water for irrigation, for draining land and 
foundations, for pumping out docks, and for various 
other purposes for which low lifts are required. But 
for some of these purposes the chain pump formed 
with square boards moving slowly in a wooden trunk 
appears to be fully as effective. The centriiugal 
pump is sometimes driven by toothed wheels, and 
sometimes by serrated surfaces of contact or the cir- 
cumferential ridges and furrows known by the name 
of irictional gearing. But toothed wheels require to 
work so very fast when the lift is at all considerable, 
that they are soon cut away, and it appears advisable 
when gearing is used in such cases to make it spiral, 
or in steps, and with the teeth bottoming and very 
broad. If frictional gearing is used, it should be of 
much greater breadth and power than the authors of 
that scheme deem necessary, seeing that in certain 
cases the wheels which have been deemed by them of 
adequate size have been found quite insufficient to 
transmit the strain. 

Messrs. Easton, Amos & Son combine the pump 
and the engine to drive it into one structure, and 
have found,* from a carefully-conducted experiment 
with one of these machines, that with a mean lift of 
6 ft. 6 in. nearly, the &ii making 124 revolutions per 
minute, a quantity of water = 6748 cubic feet or 
nearly 183| tons per minute was delivered The 
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engine power as per indicator diagrams, carefiillj 
taken, being 111*2 horse power, it follows that the 
useful work done was in this case 7d| per cent, nearly 
of the power expended. 

From several.carefully-conducted experiments made 
by the Court of Policy of Demerara upon one of the 
pumps in that country, it was found that the useful 
work done= 66*55 per cent, of the power expended, 
while a well-constructed scoop, tried under precisely 
similar circumstances, gave no more than 22*3 per 
cent., and a centrifugal pump of another construction, 
29'3 per cent. only. 

By the combined system of construction any settle- 
ment of foundations which is more or less inevitable 
in all Fen districts is neutralised, as the whole of the 
machinery is self-contained, and its working is unaf- 
fected by settlement, while the first cost of building 
foundations and masonry is materially less than by 
any other plan. 

The arrangement of engines employed to drive 
Appold*s centrifugal pump, by Messrs. Easton, Amos 
& Son of London — ^by whom large numbers of these 
pumps are made— is shown in fig. 36. The spindle 
of the &n is vertical, and is armed at the top with a 
bevel pinion, to which motion is given by a bevel 
wheel placed on the shaft of the engine. The fen is 
contained in a cast-iron casing which also serves to 
support the engine, and there are two suction pipes, 
one for each side of the Ian. The water drawn in at 
the centre of the fim is put into rapid rotation by the 
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curved blades, and escapes at the peripbeiy with snch 
velocity as to support a corresponding column of 
water, and if the head is less than that — as it always 
is — ^the water necessarily overflows at the higher 
leveL Centrifugal pumps have this great advantage, 
that they are without valves, and are consequently as 
efficient in forcing dirty water as in forcing dean— a 
quaKty which in many cases is of great value. They 
have sometimes been employed for maintaining the 
circulation in surface condensers. But the plan of 
usmg one of the air pumps as a circulating pump is 
simpler and is often preferred. 

Bourdon^ 8 Horizontal Engine. — The horizontal 
species of engine is now very generally employed in 
the case of small powers, and in the French Exhi- 
bition of 1867 great numbers of such engines were 
shown. But as a rule the French and other foreign 
engines were destitute of the merit of simplicity, and 
were overlaid with rattletraps. In fig, 37 one of M. 
Bourdon's engines is represented, and il may be taken 
as the type of a great many more. This engine, it 
will be observed, is a condensing engine with forked 
connecting and cross head moving in guides. The 
air pump is worked by pins at the lower ends of the 
connecting rod fork, which pins, by means of links, 
give motion to bell-crank levers. The piston is of 
complex construction, and the rings are pressed out 
by a cone pressed by spiral springs, upon which the 
junk ring is screwed up. The governor is driven by 
a strap and bevels. There is no feature in this 
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engine that any competent maker would imitate. A 
horizontal engine should have shoe or eye guides, 
and, if intended to work at a high speed, should have 
double disc cranks, and the air pump may be wrought 
off the lower part of the shoe, and will help to balance 
the angular thrust of the connecting rod. 

The Corliaa Engine. — This form of engine, repre- 
sented in Jig. 38, is of American design, and in some 
quarters its advantages have been loudly vaunted. 
But it is not pretended that it is able to work with 
greater economy than ordinary engines, while the 
complications of its valve gear are manifest and enor- 
mous. There are four separate valves or cocks for 
the admission and emission of the steam, and the gear 
is governed by the aid of air cushions, springs, and 
other rattletraps which by their complexity throw 
the old hand gear into the shade. Apart from these 
disfigurements, however, the general plan of the 
engine is not so good as that of some other engines 
now in common use. But with these additions the 
engine may be pronounced to be as bad a one as per- 
verted ingenuity could easily have constructed. The 
American example of this engine shown at Paris in 
1867 was of admirable workmanship, and was radiant 
with silver in which the cylinder was enveloped. 
But these aids to acceptation were incapable of con- 
cealing firom competent observers the inherent vices 
of the design, which appears to reckon complication, 
as a merit, and which seeks to achieve no advantage 
in economy by a great multiplication of parts. 
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Engines hy Scribe and Alexander, — ^Among the 
various forms of double-cylinder engines exhibited 
in Paris one of the best was from Sweden, with the 
high-pressure placed within the low-pressure cylin- 
der, and one valye sufficed for both, as in the arrange- 
ments of Mr. Dayid Thomson and others, who for 
some years before had been in the habit of making 
such engines. Fig, 39 represents the double-cylinder 
engine of Mr. Scribe, in which the high-pressure 
cylinder is set upon the cover of the low-pressure 
one, and two piston rods proceed from the low-pres- 
sure piston, one on each side of the high-pressure 
cylinder to a cross head, to which the piston rod of 
.the high-pressure cylinder also attaches. The prin- 
ciple of the arrangement is good, but the details are 
clumsy. One suitably formed valve would suffice 
for both cylinders, and it should be placed against 
the high-pressure cylinder with the proper ports cast 
on, and the high- and low-pressure cylinders should 
also be cast in one piece. In fig, 40 is shown the 
plan of double cylinder employed by Messrs. Alex- 
ander, Brothers, of Barcelona ; and some examples 
of whose engines were exhibited at Paris in 1867. 
The high-pressure cylinder is here also at the end of 
the low. But the two pistons are joined to one rod, 
a simpler arrangement, but one attended with the 
obvious risk of leakage through the stuffing box in 
the diaphragm, and which is not very accessible. 
Messrs. Alexander, however, probably conclude that 

if this stuffing box is properly constructed with 

i2 
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metallic packing it is as easy to keep it tight as to 
keep the pistons tight. An arrangement similar to 
this was adopted by Messrs. Humphrys and Tennant 
in the engines of the Moultan and Poonah. 

Steam Winches and Cranes. — Steam winches are 
now very commonly employed for hoisting the cargo 
out of ships ; and steam cranes have also obtained a 
wide introduction. 

Fig, 40 represents Chaplin's steam crane as em- 
ployed at the Exhibition of 1862 to move heavy 
weights. The engine and boiler help to counter- 
balance the load, and they swing completely round 
the central pillar. The jib is adjustable; and the 
operations of hoisting, lowering, and swinging, are all 
performed by the engine. The best form of steam 
winch that I have seen is that constructed by Messrs. 
Day and Co. at Southampton. 

At the Paris Exhibition of 1867 many varieties of 
Bteam crane were exhibited, in one of which there 
was a long cylinder lying in the line of the jib which 
lifted the weight by the direct pressure of the steam 
upon a piston. Among the more ordinary forms, one of 
the best examples shown was that exhibited by 
Messrs. Shanks and Son of Arbroath, which is repre- 
sented in^^. 41. The jib consists of two strong oak 
beams bound together, and the radius of which is 
adjustable by a worm and wheel. The boiler which 
is multitubular contains 162 square feet of heating 
ciir&ce and the chimney is hinged to enable the tubes 
to be easily cleaned. There are 2 cylinders of 7 
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inches diameter and 10 inches stroke. The chain 
barrel is driven bj a wheel and pinion and the engine 
is fitted with the link motion. A cast malleable iron 
worm wheel is fixed to the bottom of the central 
spindle into which wheel a screw gears, which being 
rotated by the engine swings the crane. Several of 
the chief parts of the engine are shown detached in 
the figure, so as to give a better conception of their 
configuration. 

One of the most powerful and convenient machines 
for lifting heavy weights yet constructed is the shears 
contrived by Mr. Summers, and made by Messrs. 
Day and Co. for the docks in Southampton; and 
several similar shears have since been constructed by 
Messrs. Day for other places. The legs of these 
shears are formed of boiler plate, and there are two 
legs meeting at the top in the usual manner; but 
instead of the back chains and guys usually employed, 
there is a third or back leg, by moving which inwards, 
the top of the shears is bent forward ; and by moving 
which outwards, the top of the shears is bent back. 
The inward or outward motion of the third leg on 
the ground is governed by suitable apparatus; but 
that to which the preference is given is a great screw 
working horizontally, and drawing in or out the leg 
in appropriate guides. The Southampton shears 
have lifted as much as 100 tons ; and the hoisting 
and lowering, and also the movement of the back 
1^, is accomplished by a steam engine. The length 
oC^each firont leg is 110 feet The form is that of a 
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parabolic spindle, 3 ft. 4 in. diameter in the middle^ 
and 1 ft. 8 in. at the ends. The length of the back 
leg is 140 ft., and its form is rectangular, 40 in. by 
46 in. at the middle, and 20 bj 24 in. at the ends. 
The wrought-iron screw which moves the back leg is 
8^ in. diameter, and 48 ft. 3 in. long. This screw 
moyes the shears at the rate of 12 ft. per minute, and 
its weight at the middle is carried bj a pendulum 
prop, which the back leg moves aside as it passes. 
The back leg is held down by the £anges of the 
grooves in which its lower end works. The main 
purchase blocks consist of a pair of 4-8heave blocks, 
with 1-|> chain-fiills, and a leading-block above. 
These blocks are used for all weights over 20 tons^ 
and hoist at the rate of about 4 ft. per minute. The 
light purchase-blocks have the same size of chain, 
but have only two sheaves above and one below. 
The engine which works this gear consumes about 
6 cwt. of coal in the day; and the apparatus has 
been very successM in enabling a great deal of work 
to be done in a short time with superior accuracy, 
and at much less expense. Similar shears have been 
constructed by Messrs. Day & Co. for Hamburgh, 
Bremen, Bromley, Woolwich, and Holyhead. 

Steam Biveting. — Cylindrical boilers, and parts of 
other boilers, are now very generally riveted by the 
riveting machine, of which there are two forms — ^the 
one in which the die which forms the rivet head is 
forced forward by a cam, in the same manner as the 
punch of a punching machine, and the other in which 
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it is forced forward by a piston moving in a cylinder, 
in the same manner as a steam hammer. The latter 
species of machine is now most generally used. 

The first machine-riveting, so far as I am aware, 
was performed by myself in 1834, and the next was 
performed by Mr. Fairbaim, who employed a similar 
form of apparatus, resembling a common pimching 
machine. Garforth^s steam hammer apparatus has 
this advantage, that the die does not require adjust- 
ment for the thickness of the plate. 

Steam Hammers, — The steam hammer was sug- 
gested by Watt, but was brought into its present 
form by Nasmyth, in whose hammer a piston rod 
proceeding from an inverted cylinder raised a block 
of metal between guides, which was then suffered to 
descend by gravity upon the anvH. It was found in 
the early hammers that the jar caused the piston 
frequently to break — an evil since obviated by im- 
proved arrangements. But this circumstance sug- 
gested to Mr. Gondie of Glasgow the expediency of 
keeping the piston stationary and moving the 
cylinder. 

In Gondie's steam hammer the piston rod is hollow 
and serves as a steam pipe to let the steam into and 
out of the cylinder. Figs. 43 and 44 are repre- 
sentations of Condie's Hammer, being a front and 
side view of a 6 cwt. hammer intended for heavy 
common smith work or foigings. In these hammers 
bars of any length may be welded, either along or 
across the anvil. They are made double acting, 
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being preesed down an veil as raised up bj the steam ; 
and in practice thej have been found to act in a 
highly Batisfactoiy manner, 
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Bigby's steam hammers, ad constructed by Messrs. 
Glen & Rosa, of Glasgow, and represented in Jigs. 45 
and 46, have obtained a very wide introducdon, and 
have given mucb Batisfaction to those emptoying 
them. Fig. 45 represents the form of hammer ap- 
propriate for light work, and which differs from the 
other form only in having tiie anvil-block, sole-piste, 
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aod Btandards cast in one piece. Hammers on tbia 
construction are made of 1, 2}, and 3 cwt The 
form of hammer represented in fig, 46 is made of 
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different weights, liom 6 to 30 cwt. The hammer is 
ui^ed bj the steam in its descent as well as b7 
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gravity, and vorks with great rapidity at a pressure 
of from 25 to SO lbs., which pressure should not be 
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Figa. 47 and 48 are r-presentationa of two different 
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classes of steam hammer constructed by Messrs. 
Thwaites and Carbutt of Bradford, fig, 47 being the 
form most appropriate for small hammers, sindfig, 48 
that most appropriate for large. Messrs. Thwaites 
and Carbutt have had much experience in the con- 

# 

struction of steam hammers, and for some time have 
made nothing else ; and they state that they find that 
the hammers wrought by hand are preferred and are 
gradually taking the place of those wrought by self- 
acting mechanism, being under such easy and ready 
control. They state that they have made eighteen 
hammers for Messrs. Brown and Co. of Sheffield, the 
largest of which, a 15-ton hammer, was made with 
wrought-iron standards, and that they have also 
made several hammers with wrought-iron standards, 
and believe that this method of construction will 
come into general use. In the -manufacture of the 
Bessemer steel, hammers of 5, 8, and 12 tons are 
habitually required. When the standards are of cast 
iron, the box form is now preferred to the old T form, 
and immense strength is necessary to enable the 
hammer permanently to endure the heavy shocks to 
which it is exposed. Messrs. Thwaites and Carbutt do 
not recommend hammers of the form shown in fig, 47 
for larger sizes than 12 cwt., and such hanmiers are 
very suitable for the work of the smith's shop. But 
above that weight they recommend hammers with 
double standards, of the form shown in fig. 48, as 
being firmer and stifier, and better suited for heavy 
work. 
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These hammers are coDtralled ia tlieir movements 
by two liRndles, one of which opens or dmta the etop 
valve, while the other gives motion to tJie working 
valve by which the steam is let into and out of the 
cylinder. This last valve is a balanced piston, so 




that it is quite easily moved, and the hammer is con- 
sequently under ready control. 

In Fig. 49 ia shown a design by Messrs. Thwaites 
and Carbutt for it very heavy steam hammer carried 
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between two inverted cylinders, and the pifltone, 
which are fixed, stand on the tops of two strong piUars. 
In this esampla the hammer acts by gravity alone. 
But it would be easy by making the bodies of the 
pillara less m diameter than the cylinder to aid the 




descent by the force of the steam F q 50 represents 
another vane y of th s spec es of hammer, but the 
cross head s lormed of wrought iron plates riveted 
together It s doubtful how far r veted work would 
stand the constant jars to which such an instrument 
would necesBarily be exposed. In Fig. 51 is shown 
another form of double-cylinder hammer by the same 
designers. Here the cylinders are not inverted and 
the descent of the hammer ia assisted by the steam. 
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In Kamsbottom'a Duplex hammer, shown in Jig. 52, 
two horizontal hammers running upon wheels are 
advanced and retired by a aort of elbow-jointed lever 
worked by a steam cylinder set beneath the Hoot. 
But in some cases a cylinder is set behind each 




hammer to press it forward, and the action of the 
two is rendered synchronous by the interposition of 
a coarse right and left band screw which rotates as 
the hammers advance and retire. All things con- 
udered, however, a hydraulic squeezer is certainly 
better than any form of hammer aa it will better 
enable the pressure to be transmitted to the heart 
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, and will give time for the alag to 
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In iUtiBtratiiig the special features of the varions 
fonuB of marine engines of modem conHtructioQ, die 
most coQTenient course will be to take an example 
of 'an engine by each principal maker, and to describe 
its structure and peculiaridea. A tolerably just 
conception will thus be ajrived at of the present 
condition of marine engineering in this country in 
itit most p^ect &im, care being taken that the ex- 
amples selected are good and recent examples of iheir 
several kinds. 

Boulton and Watt. — The example of modem en- 
gines by these makers that I shall select is the oscillat- 
ing paddle em{ines of the Holyhead steamers, Ulst«r 
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and Munster; for althongli I might have selected a 
still more recent example, I could not have selected 
a more perfect one. These vessels have now been 
plying regularly across the Channel at all seasons for 
a sufficient time thoroughly to test their qualities, 
and they have been foimd to maintain a very high 
speed and to work in a most satis&ctory manner. 
The vessels are each 328 ft. long, with 35 ft. breadth 
beam, 21 ft. depth of hold^ and they each measure 
about 2,000 tons, builder's measurement. Each 
vessel is propelled by two oscillating engines of 96 
in. diameter of cylinder, and 7 ft. stroke. The pres- 
sure of steam in the boiler is 26 lbs. per sq. in. The 
nominal power of each pair of engines by the Admi- 
ralty rule is 750 horses. They make 23 strokes per 
minute, and they work up to 4,100 actual or indicated 
horses' power. 

The boilers are tubular boilers with iron tubes ; 
they are made in eight parts, and contain in all 48 
furnaces. The total heating surface of the boiler is 
18,400 sq. feet, and the total area of grate bars is 
840 sq. ft. The area of the immersed midship section 
of the vessel is 350 sq. ft. and the coefficient of per- 
formance 860. The draught of water of each of the 
vessels when launched was : forward, 9 ft. 3 in. ; 
and aft, 8 ft. 2 in. The draught of water with the 
engines, boilers, masts, and fittings, on board, but 
without water in the boilers, was, forward, 12 ft., and 
aft, 12 ft. 6 in. The draught of water when ready 
for sea, and complete with stores, and 75 tons of 
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coals, was, forward, 13 ft., and aft, 13 ft. 4 in. The 
weight of the engines is 220 tons, of the boilers 230 
tons, of the water in the boilers, 170 tons, and of the 
paddle wheels, 110 tons: making a total weight of 
730 tons, or nearly 1 ton per nominal horse power. 
The pistons are each made with a metallic ring 
pressed out by springs. The average pressure on the 
piston is 28*77 lbs. per sq. in. The total number of 
tubes in the boilers is 4,240, of 2^ in. diameter, 5 ft. 
3 in. long, and -^th thick. The tube plates are of 
iron f in. thick, and ihe tubes are 1^ in. distant from 
each other. The length of each furnace is 7 ft., and 
its breadth 2^ ft. There are two sets of boilers in 
each vessel, one before and the other behind the 
engines, and each set has a chimney 7^ ft. diameter 
and 44j|- ft. high above the grates. The paddle 
wheels are feathering, 33 ft. 9 in. diameter to the 
inner edge of the outer ring. There are 14 floats in 
each wheel, and each float is 4 ft. deep and 12 ft. 
long. The dip of the wheels is 5 ft. 9 in. at deep 
draught. The steam is superheated by passing up 
and down through annular steam chests surrounding 
the chimneys, divisions being introduced into the 
annular space to compel the steam to ascend and 
descend before escaping to the steam pipe, as in the 
arrangement which was introduced by me into the 
Don Juan steamer as far back as 1837. These 
vessels, and two similar vessels, the Leinster and Con- 
naught, the engines of which were constructed by 
Messrs. Bavenhill, Salkeld and Co., have realised a 
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speed of upwards of 20 miles an hour, and an average 
speed in all weathers, during the first six winter 
months, of 18 miles an hour. In the Leinster and 
Connaught the cylinders are 98 in. diameter, and 
6 fb. 6 in. stroke, and the engines are rated at 720 
nominal horses* power, but are in reality 770 nominal 
horses* power. There are eight boilers, containing 40 
furnaces and 4,176 tubes, and a total heating surface 
of 16,800 eq. ft. At the official trial the engines, with 
a pressure of steam of 20 lbs., made from 25 to 26 
revolutions per minute, and exerted 4,751 actual 
horses' power. The consumption of fuel is about 
3 lbs. per indicated horse power per hour. 

John Penn and Son, — The engines of these makers 
which I shall select for illustration are the engines of 
the Warrior, Black Prince, and Achilles — ^all hori- 
zontal trunk engines of the construction represented 
at page 79 of my * Catechism of the Steam Engine.' 

These engines are each of 1,250 horse power, and 
notwithstanding their immense size, they are distin^ 
guished by the same beauty and accuracy of work- 
manship for which Messrs. Penn's engines haye long 
been &mous. The cylinders are of 1 1 2 in. in diameter, 
and 4 ft. stroke. The trunks are of 41 in. diameter, 
which reduces the effective diameter of the cylinders 
to 104^ in. The air pumps are double acting, 36 in, 
diameter, and 4 ft. stroke. The feed and bilge pumps 
are 7^ in. diameter ; the crank shaft is of 19 in. 
diameter, and the screw shafting is of 17 in. diameter. 
The screw, which is on Griffith's plan, is 24-J- ft. 
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diameter, and 30 ft. pitch. There are two engines in 
each vessel, and they make about 45 revolutions per 
minute ; there are 10 boilers in each vessel, and each 
of these boilers has 4 furnaces in it 7 ft. 3 in. long, 
and 3 ft. wide. The tubes are of brass, 2| outside 
diameter, and 6 ft. 8 in. long, and there are 440 tubes 
in each boiler, or 4,400 tubes in all. The smoke is 
carried off by two funnels on the telescopic principle, 
7 ft. 6 in. diameter, and 54 ft. above the bars of the 
grate. 

The Warrior and Black Prince are both iron vessels 
of 6,039 tons burden, built of iron, and covered with 
two thicknesses of teak, over which are bolted armour 
plates of iron 4 in. thick, and ploughed and tongued 
at the edges to enable each plate to give mutual sup- 
port to those next it in the event of strain or shock. 
With an immersed midship section of 1,200 sq. ft., 
and a pressure of steam in the boilers of 22 lbs. per 
sq. in., these vessels exerted about 5,400 actual 
horse power, and attained a speed of 14^ knots— the 
engines making 55 revolutions per minute. 

Messrs, Bavenhill, Salkeld and Co, — The form of 
screw engines employed by Messrs. Ravenhill, Salkeld 
and Co. is represented in Jig, 53. This form of 
engine is a horizontal steeple engine of the same type 
as that of the Amphion, the engines of which, de- 
signed by the late Mr. Holm,* were constructed by 

* The engines of the French frigate Pomone were also de- 
signed by Mr. Holm, who was a Swedish engineer of great 
ability. 
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Messrs. Miller, Bavenliill and Co. The Amphion 
was the first vessel built in this country with the 
engines below the water-line; and the species of 
engine with which she was fitted appears to me the 
best species of screw engine yet introduced, and one 
which perfectly satisfies the existing necessities of 
screw propulsion. There were faults of detail in the 
engines of the Amphion which have been subse- 
quently corrected ; and in the best examples of this 
form of engine a very perfect result is exhibited. 

In the example shown in fig. 53 there are two 
cylinders placed side by side with their axes running 
athwart-ships in the vessel ; and the cylinders are on 
one side of the vessel, and the condensers and air 
pumps on the other side. Two great pipes extending 
across the engine conduct the exhaust steam fi:om the 
cylinders to the condensers. There are two long 
piston rods passing one above the shaft and the other 
below to the cross head which moves in guides on 
top of the condenser, and from which a rettun connect- 
ing rod proceeds to the crank to turn it round. The 
various subordinate features of the arrangement are 
made so plain by a reference to the drawing that it is 
needless to enlarge on them farther. 

Maudslay^ Sons and Field, — Messrs. Mandslay and 
Field have long employed a species of engine sunilair 
to the foregoing ; but latterly they have made their 
screw engines with three cylinders instead of two, 
with the object of reconciling equability of motion 
with a high speed and a large measure of expansion. 
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The aggregate capacity of these three cylinders is 
about half or three-quarters larger than the two 
ordinarily used for the same power. This is for the 
purpose of using the steam more expansively. The 
steam is shut off much earlier in the stroke than 

m 

heretofore. Six efforts are given in each revolution, 
which gives more imiform motion to the screw shafi, 
and the whole is so completely balanced that the im- 
pleasant agitation felt in screw vessels at high speeds 
is entirely removed. The steam is superheated; the 
cylinders are cased all round and at both ends, and 
this case is filled with superheated steam, which 
keeps the cylinder up to the maximum temperature. 
The steam is condensed by surfece condensers, having 
small perpendicular tubes — ^the cooling surface being 
about the same as the heating surface of the boiler. 
A still is provided to make up the waste. The cold 
water is forced amongst the outsides of the tubes by 
a pump, and is so directed that it all enters at the 
lower edge all round, and also in the centre of the 
cluster; then rising it is driven out at the upper 
edge of the tubes. The superheating apparatus is 
composed of a number of horizontal tubes round at 
the end where they are fitted into a tube plate, but 
flattened throughout the greater part of their length. 
By these means the steam is greatly subdivided, and 
more effectually presented to the action of the heat, 
and more room is also afforded for the smoke to pass 
between them. To enable any of the tubes to be 
replaced when worn or leaky, the central tube of 

l2 
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each group of nine is made oval at one end, to admid 
of any of the nine tubes of the group being intro«* 
duced or withdrawn. One end of the tube intended 
to fit this hole has a flange and is fitted with four 
screws. 

The boilers are of the usual tubular kind; they 
work at 20 to 25 lbs. pressure. The feed water is 
heated in its passage back into the boiler. Care has 
been taken that there should be as little waste of 
steam as possible in the passages between the slide 
and the cylinder ; and the length of this passage is 
reduced by using two small slides instead of one 
large one to each cylinder. The expansion is effected 
by the slide alone. The slide valves, which are long 
and three-ported, are moved by a three-throw crank 
or eccentric; and the openings are large, while the 
travel is very small. The eccentrics are driven by a 
small spur wheel on the main shaft, and a similar 
wheel on the eccentric shaft. These wheels are con- 
nected by a pair of intermediate wheels fixed in a 
rising and falling fi*ame. The elevation or depression 
of these wheels has the effect of altering the position 
of the eccentrics relatively with that of the main 
crank, and thus effects the forward and backward 
motion of the engine ; and it also adjusts the degreer 
of expansion within the limits of ^th and Jth of the 
stroke. This engine combines all the well-established 
sources of economy in the steam engine. The work- 
manship is of the very first quality ; and the wholQ 
is of great strength and solidity. The thrust bearing 
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is formed of collars on the shaft, but set wider apart 
than is usual ; and each collar has a horse-shoe plate 
applied to it to take a proportion of the thrust. 
There are five or six of these collars and plates ; each 
plate is adjustable by screws and admits of being 
separately taken but and replaced, and this can be 
done while the engine is working. A set of these 
engines of 500-horse power has been fitted by Messrs. 
Maudslay in the steam frigate Octavia. Each of the 
three cylinders is 66 in. diameter, and the length of 
the stroke is 3 ft. 6 in. The valves are double- 
ported; each condenser is fitted with 5^ miles of 
^ in. copper tubing (No. 18 wire gauge), and the 
circulating pumps, which are fitted with lignum vitcB 
packing, are worked by arms from the cross-heads. 
The Octavia is a vessel of 3,161 tons, and at the 
ofiScial trial in 1861 she realised a speed of 12|^ knots 
with a displacement of 2,921 tons, an immersed mid- 
ship section of 552 sq. ft., a pressure of steam of 20 
lbs., 69^ revolutions, and an indicated power of 
2,265 horses. The consumption of coal was only 
2^ lbs. per indicated horse power. 

Messrs. Robert Napier and Sons. — The engines of 
the steamer Scotia for the Chinard line, by Messrs. 
Napier of Glasgow, are of the side lever description, 
and the cylinders are 100 in. in diameter, and 12 ft. 
stroke. The parts of these engines are of enormous 
strength, and their general configuration is the same 
as that of the side-lever engines usually constructed 
by Messrs. Napier, except that the side levers are of 
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wrought iron, and the slide yalves, which are of the 
short D kind, connected with three rods, have metallic 
packing at the back, consisting of a cast-iron segment 
cut obliquely at the centre, and accurately fitted to 
the back of the valye. There are two such segments 
opposite to each port with a space between them equal 
to the depth of the port, the purpose of which is to 
put the valve into equilibrium, whereby it is more 
easily worked. This improvement is due to Mr. 
Waddell; and it has been found to be useful and 
efficient in practice. The sole plate, condenser, and 
air pump of each engine are all cast in one piece ; and 
the air pumps afler being bored out are lined with 
brass chambers. The cylinders are formed with 
double bottoms, and the whole structure of the engine 
is of the most conscientious and substantial character. 
One form of screw engine employed by Messrs. 
Napier is the horizontal steeple kind very similar to 
that employed by Messrs. Eavenhill and Messrs. 
Maudslay. . But they also occasionally use, in the case 
of merchant steamers, inverted engines of the forge 
hammer type, similar to those employed by Messrs. 
Caird, of which a description ns given at page 158. 
An example of. Messrs. Napier^s horizontal engine is 
given in fig. 54, which is a representation of the 
engines of the armour-plated steamer Rolf Krake, 
constructed by Messrs. Napier and Sons for the Danish 
navy. In t^e first examples of this species of engine, 
constructed by Messrs. Napier, the piston rods, in- 
stead of being attached to a cross-head moving in 
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guides, were attached to a great plunger which con- 
stituted the bucket of the air pump ; and from the 
bottom of this plunger, which was cast open at one 
end like a trunk, the connecting rod proceeded to turn 
the crank. But this plan is much inferior in simpli- 
city and eligibility to that which Messrs. Napier have 
since adopted, as shown in fig. 57, and which, in the 
application of counter weights and otherwise, resem- 
bles the form of engine introduced by me in 1852. 

Messrs. Day and Co, — The screw engine of Messrs. 
Day and Co. of Southampton is also of the horizontal 
steeple variety, but in most of the details it is the 
most judiciously arranged engine I have met with. 
A representation of Messrs. Day's engine is given in 
fig. 55, which is engraved from a photograph of the 
engines of the steam screw yacht Brilliant, of 100 
horse power, constructed by Messrs. Day. This vessel 
is 191 ft. long, 21 ft. broad, and of 419 tons builder's 
measurement There are two engines, each with a 
cylinder 40 in. diameter, and 2 ft. stroke ; and with 
a pressure of steam in the boiler of 20 lbs., and a 
vacuum in' the condenser of 27 in. of mercury. The 
engines make 90 revolutions per minute, and exert 
510-horse power. Fig. 56 contains two indicator 
diagrams taken from one of the engines, one diagram 
being taken from the cylinder on one side of the 
piston, and the other diagram from the other side. 

It will be seen by a reference to fi^, 55 that the 
cylinders lie on the one side of the screw shaft, and 
the condensers on the other, as is the common arrange- 
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meat ID this cksa of engine, and a single pipe conducts 
the exhaust Bteam from the cylinder to the condenaer. 
The cylinders are cast widi a square box aroniid 
them, which is filledwith Btaom from tlie boiler; but 
' the upper part of the space between this box and the 
ojlindeia constitutes a passage for the exhaost steam, 
and is consequently separated from the rest of the 
box by a proper partidon. The box itself is lagged 
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to prevent the dispendoQ of the heat. The condenser 
Btanda between the guides of the two englnea, in 
which situation it ia quite out of the way, and leaves 
the guides perfectly accessible. Messrs. Day and Co. 
very generally employ sur&ce condensers, but they 
are so compact that their presence is scarcely known 
by any external sign ; and by merely opening a 
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communication valve they may at any time be con- ^ 
verted almost instantly into common condenserg. The 
air pump of one engine acts as a circulating pump for 
the refrigerating water ; and the water is sometimes 
drawn through the tubes and sometimes forced. The 
other air pump more than suffices to pump out the 
small quantity of water arising from the condensation 
of the steam ; and the two air pimips are at any time 
available for their ordinary duties, should the con- 
densation by jet be at any time resumed. 

Messrs, Humphrys and Tennant — These makers 
generally employ double-cylinder engines, which in 
some cases, as in that of the Moultan, are vertical, and 
in other cases, like that of the Poonah, are horizontal. 
In the engines of the Moultan, the cylinders are 
inverted, and stand above the screw shaft ; and the 
connecting rods, which are jointed to the ends of the 
piston rods as in locomotives, work down to the shaft. 
There are two large cylinders, and two small ones, 
the large cylinders being 96 in. diameter, and the 
small ones 43 in. The stroke of both is 3 ft. The 
two pistons are fixed on one rod, vertically over each 
other. The total heating surface in the boilers is about 
12 sq. ft. per nominal horse power. The engines are 
fitted with HalFs surface condensers, containing about 
the same surface as the boilers ; and the cold water 
is caused to flow through them by a centrifiigal pump 
on Appold's system, made by East^n and Amos. The 
boilers are also provided with Lamb's superheating 
apparatus, which contains about 3^ sq. ft. of surfiioe 
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per nominal horse power. The engines of the Poonab 
are aimilar to the foregoing, onlj horizontaL In 
MeRsrs. Humphrys' recent horizontal engines, the 
air pump, which is also horizontal, and is placed 
beneath the condenser, is so constructed as to drain 
the condenser completely at every stroke ; and the 
pump barrel is at all times filled with water, which 
being pressed by the air-pump piston, displaces the 
water which last entered. 

Messrs. Caird and Co,— In their recent examples of 
screw engines, Messrs. Caird and Co. of Greenock have 
introduced surface condensers and other expedients 
to promote economy of fuel. The following are the 
principal particulars of the steamer Hansa, built to 
ply between Bremen and America : — The engines are 
du-ect acting, having mverted cylinders of 80 in. 
diameter, with a stroke of 3 ft. 6 in. The slide valves 
are double-ported, worked with a link motion, and 
having a variable grated expansion valve, placed im- 
mediately behind the main slide valve, worked by an 
eccentric and a shifting link, to vary the cut off from 
the cylinder as required. The crank shafl is 16 in. 
diameter at the bearings ; the screw shafls are 14f in. 
diameter; the propeller shaft bearings are covered 
with brass, and the stem pipe is bushed with brass. 
The surface condenser has 3,584 brass tubes, 1 in. 
external diameter, and 7 ft. long ; the steam to be con- 
densed surrounds the tubes, and cold water is passed 
through them at the rate of from 750 to 1,000 cubic 
ft. per minute, as may be necessary. The water is 
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pumped from the sea by two horizontal double-acting 
pumps, worked from the forward end of the crank 
shaft. These pumps are 21 in. diameter, with a 
stroke of 24 in. The boilers are in four separate 
parts, having four furnaces in each part, with a total 
grate surface of 350 sq. ft., and a heating surface of 
9,200 sq. ft. The superheating chest is placed im- 
mediately under the funnel, and has a total heating 
surface of 2,100 sq. ft. There are two safety valves 
to each boiler, loaded to 25 lbs. per sq. in. There is 
also an auxiliary boiler for keeping up the supply of 
fresh water that may be lost through blowing off 
steam, or from leaky joints. The grate surface of 
the auxiliary boiler is about 24 sq. ft., and the heating 
surface about 500 sq. ft. There is also a small boiler 
for working the deck winches ; and a donkey engine 
for the steam of the boiler to work. 

RowarCa Expansive Steam Engine, — This species 
of engine combines the various features of a high 
pressure of steam with superheating and surface 
condensation; and is reported to have acted with a 
smaller consumption of fuel than has been heretofore 
attained in any engine whatever. In one case, an 
engine of this kind was reported by Professor Ran- 
kine as capable of working with a little over 1 lb. of 
coal per indicated horse power per hour ; but this 
measure of economy does not appear to have been 
•sappo'cted in practice, and there is no feature in the 
engine calculated to give special economy. There 
are two inverted engines combined as usual at right 
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angles, to turn round the screw shaft. But each 
engine has three cylinders — ^the middle one, which 
is the smallest, being a high-pressure one, and the 
two side ones being low-pressure. The three piston 
rods are connected to a cross*head, and move up and 
down simultaneously. The steam after having acted 
on the piston of the high-pressure cylinder, passes 
into the low-pressure cylinders, from whence it 
pa&<)es into a tall cylindrical vessel, traversed by 
small vertical tubes, and filled with cold water. The 
water surrounds the tubes; and through them the 
steam passes and is condensed and returned to the 
boiler as hot distilled water. An agitator is kept 
revolving within the cylindrical vessel to insure the 
cold water being equally distributed among all the 
tubes, and one of the air pumps is fitted up to main- 
tain a circulation of water through the condenser, 
while the other is fitted to act as an air pump in the 
usual manner. About 10 or 1 1 nq. ft. of condenser 
surface per nominal horse power is the proportion 
given in Rowan's engines. 

Mr,D. Thomson's Annular Engine. — Mr. Thomson, 
of Messrs. Morland and Son's, has introduced a species 
of double-cylinder engine in which the high-pressure 
cylinder is placed within the low-pressure cylinder; 
the latter being in fact an annular cylinder, with a 
cylinder of smaller diameter within it. The steam 
is admitted and discharged from both cylinders by 
means of a single valve ; and the arrangements ap^ 
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pear on the whole to be bucH as will commend them- 
selves to public approbation. 

Messrs, Courtney and Stephens^ Engine, — This en- 
gine, represented vafig, 57, is a &yoTirable example 
of the overhead class of engine. The cylinders rest 
partly upon tall condensers and partly upon wrought- 
iron columns, and all the parts are quite accessible. 
The tops of the piston rods are supported by shoe 
slides fixed to the condensers. The link motions are 
moved by a hand wheel and screws, and the whole 
of the parts are well designed. 

Millwall Iron Company. — The direct acting en- 
gines constructed by the Millwall Iron Company for 
the "West India Mail Company's screw steamer Ehone 
have two inverted cylinders working down to the 
screw shafl ; and the engines are fitted with surface 
condensers, the pumps for maintaining a circulation 
through which are placed in a horizontal position at 
the end of the engines, and are worked ofi* a crank 
on the end of the screw shaft. The intermediate 
shafi; is formed of Krupp's steel ; and the workman- 
ship and materials of the engines are of the very first 
quality. A drawing of these engines is given in 
Jig, 58. 

In another set of engines by the same makers, 
there are three inverted cylinders working down to 
the screw shaft, and the cylinders have steam jackets 
and other economical arrangements which were ex- 
pected to reduce the consumption to a little over 
2 lbs. of coal per actual horse power per hour. 

u2 
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Messrs, li. and W. Hawthorn. — The marine engines 
of these makers have long enjoyed a very high repu- 
tation for efficiency and durability, and for a most 
remarkable exemption from accidental derangements 
or break- downs. Their screw engines are of the 
horizontal kind, with the condensers opposite to the 
cylinders; and long eduction pipes commimicating 
from the one to the other as in Messrs. Penn's ar- 
rangement. But instead of the trunk, a short con- 
necting rod joined to the piston rod is used, after the 
fashion employed in locomotives. In the engines of 
H. M. screw gunboat Shearwater, constructed by 
Messrs. Hawthorn, the cylinders are 40 in. diameter, 
and the stroke 22 in. The nominal power is 150 
horses, and the pressure of steam in the boiler is 
20 lbs. per sq. inch. There are two boilers of the 
ordinary gunboat construction, with three furnaces in 
each ; and 297 brass tubes running at right angles to 
the furnaces, and containing a total heating surface 
of 2,892 sq. fr. or 19*2 .sq. fl. per nominal horse 
power. The Shearwater is a vessel of 669 tons; 
and with a displacement of 840 tons, and an area of 
midship section of 278 sq. fr., she realised a speed of 
9 knots, the engines making 92 revolutions per 
minute, and exerting 632 actual horse power. The 
screw propeller is one of Griffiths' of 10 ft. diameter. 

One of the most ostentatious examples of the 
marine engine displayed at the French Exhibition in 
1867, was the engines of the Friedland, of 960-hor8e 
power, constructed from the designs of M. Dupuy de 
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L&me for the French navy. These engines woe 
return connecting rod horizontal engines, with three 
cf linden lying ude by ude ; but the central cylinder 
was a high-pressure one, and distributed its steam to 
the two condensing cylinders on each side. The 
CQittal cylinder was filled with steam ibi two-thirds 
of the Etroke, wheu the eduction took place into one 
of the side cylinders somewhat in the manner of 
Nicholson's continuous engine. Fig. 59 is a vertical 
section of one of these engines. The air pumps are , 
wcrked by arms forged on the piston rods, and the 

Fig.im. 




valves are wrought by cranks in a shaft carried along 
the front of the engines, and rotated by a spur wheel 
working into another spur wheel fixed on the screw 
ahait. Fig. 60 is an enlarged section of the slide 
valve, which is of the d construction, wit^ the packing 
pnt in from the ends^ and tightened up by set screws. 
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Fig. 61 BhowB the cross-bead witli sliding a] 




two diagonal boms foT the piston rods to engage. 
Fige. 62 and 63 are iace and ade Tiewa, the latter 

FIgi. 63, sa, M, ud <E. 
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partly in Beclion, of the toothed 'wheels by which the 
valve shaft ia rotated, aad a hand wheel ia ooouec- 
tion with the upper toothed wheel starts the engine. 
Figs. 64 and 65 represent the thrust bearing which 

FIgi. M tad S7. 



ia hung ia trunnions; audj^s. 66 and 67 show the 
construction of the universal joint interposed between 
the engine and screw shaft to permit the bending of 
the ship. ^1^. 68 shows the escape valve of the 




cylinders ; and jig. 69 ahows a part of the compli- 
cated arrangement of pipes ptutung through tlie bilge 
of the ship. These engines are very heavy, do not 
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work well up to their power, are complicated aocl 
exp«iimve, and have the serioua feult that they 
cannot in eme^ienciea be woi^ed with full preaaure 
of Bteam throughout the atroke, vmles the central 
cylinder is discarded. The worknumBhip of these 
engines, which were made at the national estabUeh- 
meat of tndiet, was by no means of the first quality, 
and much of the plantering which was put on to 




smooth the castings blistered up. The boilers were 
of the common order of tubular boilers, resembling 
those of the Jumna. Whatever there is good in this 
plan of engines has been copied firam English prece- 
dents, and whatever is new and peculiar is not good, 
but on the contrary, ineligible and mischievona. It 
woidd have been much better if M, Dupuy de Lome 
had taken a good English example, and had copied it 
throughout. 
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Fig. 70 IB a delineatioa of the launcli engmea and 
boiler exhibited b7 Messra. Bennie in Paris in 1867, 
aad which combination ia employed to drive a pair 
of acrewa 2^ feet diameter, 3^ feet pitch, 3 j inches 
long, and vitb four blades. One engine ia employed 
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to give motion to each acrew, and the steam is con- 
densed by atiriace condenaera ao as to obviate the 
necessity of carrying fresh water for aupplying the 
boiler. The weight of the whole machinery and 
boiler with water was 3^ tona, and without water 
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2^ tons. On the trial of a latmch of lOf tons dis- 
placement fitted with this machineiy, the pressure of 
steam on the boiler being 80 lbs., about 33 in- 
dicated horse power was exerted, and the speed at- 
tained was 8 knots per hour. The circulation of the 
water through the surface condensers is maintained 
bj small centri^igal pumps driven by gearing from 
the screw shafls. 

Here, then, I close my remarks on marine engines 
of recent construction ; and notwithstanding the in- 
numerable and incessant efforts which have been 
made to introduce new improvements, I do not see 
that any considerable improvement has yet been in- 
troduced. Superheating, from which such exagge- 
rated benefits were at one time expected, has collapsed 
to its proper dimensions; and it is now found that 
about the same amount of superheating as obtained in 
the old ^ne boilers is the most beneficial. The pres- 
sure has been gradually increasing, and that no doubt 
is a benefit if adequate measures be simultaneously 
adopted to increase the strength of the boiler. But 
the existing marine boiler is ill adapted to withstand 
any considerable pressure ; and, as things now stand, 
to increase the pressure is to increase the risks of 
explosion. The method of surface condensation now 
so generally employed in steam vessels I do not 
believe will be permanently retained, at least in its 
present cumbrous form ; and, on the whole, there is 
very little that is new in marine engines which can 
be characterised as a permanent amelioration. The 
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introduction of the governor and the use of steel ifor 
shafts are valid steps of improvement, though not 
very momentous ones ; and, indeed, the use of a steel 
shaft is only tantamount to the employment of an iron 
one so much larger than before. We now require 
marine boilers capable of enduring high pressures of 
steam with safety, and if salt water is used in the 
boilers, we require the introduction of some arrange- 
ment which will prevent the sulphate of lime from 
being precipitated on the heating surfaces, which 
takes place at a temperature answering to 40 lbs. 
pressure of steam without any concentration of the 
water at all. We also require the introduction of 
some simple and effectual mechanism for firing the 
furnaces, especially in the case of large vessels em- 
ployed in warm climates. It would also be an ad- 
vantage, especially in the case of vessels performing 
long voyages, if some really effectual and unobjec- 
tionable method could be introduced of burning the 
smoke. 

LOCOMOTIVE ENGINES. 

There are two main objects of aspiration which 
are set forth in the designs of many of the modem 
locomotives; the one to bum the smoke so as to 
enable coal instead of coke to be either wholly or 
partly used in the furnace ; the other to realise great 
tractive power, so as to enable each goods engine 
to draw heavier trains than heretofore. Neither 
of these indications can be said to have been very 
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perfectly fulfilled by any of the plans Iiitherto pro- 
pounded for that purpose ; and in seeking to increase 
the power, various forms of monstrosity have been 
produced, promising neither eminent success nor great 
longevity. In particular, the recent goods engines 
on some of the continental railways are remarkable 
examples of retrograde improvement; and it does 
not appear probable that the use of such cumbrous 
and gouty structures can long be retained after the 
stimulus of novelty attending their creation has 
passed away. 

The various plans which have been propounded 
for burning smoke in locomotives are mostly repro- 
ductions of old plans long since tried in land and 
marine boilers, and gradually abandoned. The 
piinciple on which these various arrangements are 
founded is either that of admitting air above the 
fuel, to bum the smoke, or that of using a sufficient 
area of fire bars, and a sufficiently thin fire, to enable 
the quantity of air required to bum the smoke to 
pass through the fire ; and the smoke is conducted 
either among hot bricks and tiles, or over incan- 
descent embers, to induce the more effectual imion 
of the imcombined oxygen in the air with the im- 
consumed carbon in the smoke. All these methods, 
however, are only methods of approximation, which, 
though they diminish the smoke, by no means pre- 
vent it; and the consequence is, that locomotives 
pretending to bum the smoke, or unlawfldly using 
coal even without this plea, are now spreading such 
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large volumes of smoke over the &ce of the country 
as to constitute a neiv and serious nuisance. Here- 
tofore coke only was used in locomotives, when of 
course no smoke was created* But, of late years, 
they have been gradually sliding into the use of 
coal; and the probability is,. that the nuisance will 
go on increasing imtil it becomes intolerable, and is 
finally subverted by the strong hand of power. Some 
of the smoke-burning expedients employed are merely 
hollow pretexts for the evasion of the obvious duty 
ofbuming the smoke. 



COAL-BURNING LOCOMOTIVES. 

It would be impossible to enumerate within the 
limits to which these remarks have to be restricted, 
the numerous projects which have been propounded 
at different times for burning the smoke in steam 
boilers. Among those who have directed their at- 
tention to burning smoke in locomotives, the plans 
of Gray, Dewrance, Yarrow, M^Connell, Beattie, 
Cubworth, and Tembrinck, and especially the four 
last, have attracted most attention, and some of these 
expedients have obtained a pretty wide introduction. 
In M^Connell's arrangement the fire-box is divided 
longitudinally by a water space, so as in reality to 
form two furnaces like the furnaces of a marine 
boiler. Air is admitted at sundry openings at the 
front and sides of the fire-box, and the tubes are con- 
fdderably shortened in the barrel of the boiler, so as 
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to leave room for a combustion chamber in which the 
smoke may rest and be bmned. In some of the 
forms of Beattie's boiler, a similar combustion cham- 
ber is employed, and an excellent and recent example 
of his engine is given in Jig, 71, which is a repre- 
sentation of the express passenger engine *Lacy,' 
placed upon the London and South-Western Railway 
in 1864. In this engine the diameter of cylinder is 
17 in. ; stroke 22 in. ; working pressure, 135 lbs. per 
sq. in. ; diameter of barrel of boiler, 4 ft. ; length 
of barrel, 9 ft. 6 in. ; length of fire-box, 4 ft. 6 in. ; 
width of fire-box, 4 ft. ; heating sur&ce of fire-box 
and chamber, 178*36 sq. ft. ; heating sur&ce of hol- 
low stays, 32'63 sq. ft. ; heating surface of tubes, 
598*31 sq. ft. ; total heating surfece, 809*3 sq. ft. 
The driving and trailing wheels are coupled, and are 
7 ft. in diameter ; the leading wheels are 4 ft. in dia- 
meter. The distance between the driving and lead- 
ing wheels is 6 ft. 2^ in., and between the driving and 
trailing wheels, 8 ft., making the total length of the 
wheel base 14ft. 2^ in. The total weight of this 
engine is about 32 tons, distributed as follows : on 
the driving wheels, 12 tons ; on the leading wheels, 
11 tons; and on the trailing wheels, 9 tons. There 
are 18 of these engines already made, and others in 
course of construction. The average consumption of 
fuel in these engines is 24 lbs. per mile, the average 
load being 15*5 carriages, and sometimes 30 carriages 
are taken. The average speed maintained with these 
engines is for express trains, 45 to 50 miles an hour, 
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and for ordinary trains, 30 to 40 miles an hour. The 
piston rods, connecting-rodS| coupling rods, cross- 
heads, wheel tires, and other main parfs are of Bes- 
semer's steel ; and Allan's straight link is used for 
transmitting the motion to the valve. 

The smoke is burned by dividing the furnace into 
two iumaces by the inclined water bridge running 
from side to side of the fire-box, which bridge is per- 
forated ; and the space between it and the furnace 
door is covered by a perforated fireblock, thus form- 
ing an enclosed furnace, the smoke from which must 
escape through the perforations. This furnace is 
fitted with a door of its own below the ordinary fire 
door, which is placed higher than usual ; and the 
furnace next the tubes may be fed with coke, while 
the other is fed with coal. The smoke escaping 
through the perforations is deflected by the hanging 
bridge down towards the incandescent coke, and ia 
consequently in a great measure consumed ; and the 
products of combustion pass through a number of 
short pipes into the combustion chamber, and from 
thence into the tubes. These engines are also fitted 
with Mr. Beattie's feed-water heater, which employs 
a portion of the exhaust steam to heat the feed- water 
boiling hot. In consequence of this arrangement, Mr. 
Beattie is precluded from using Giffard's injector; 
and the boiler is fed by pumps in the usual manner, 
which seems, all things considered, to be the prefer- 
able arrangement. 

The peculiar feature of Cudworth's engine, repre- 
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sented in fig, 72, is the fire-box. This is made 
very long, and is carried back over the hind axle ; 
the fire-grate is inclined towards the tube-plate, 
and at the lower end it is furnished with a trap- 
door through which the clinkers and ashes are dis- 
charged, and the fire is dropped. The fire^oor is 
perforated ; and air is admitted through it when 
necessary. 

A thin fire is kept on the grate. The firesh fuel is 
supplied at the upper end only, and it gradually 
descends during combustion, so that there is only a 
bright clear fire at the lower end. The gases evolved 
from the fresh fuel mixed with air passing through 
the grate and door, are sufilciently heated in their 
way to the tubes to inflame, and hence less smoke 
is made. It is one of the advantages of this engine 
that owing to the fire-box projecting over the hind 
axle the weight on the coupled wheels is increased 
and equalised. In fact the weight of the engine is 
equally distributed over all the wheels. 

Sharp, Stewart and Go.'s smoke-burning locomo- 
tive, which is represented in fi^, 73, is very similar 
to Cudworth's. This engine has been specially de- 
signed for working a heavy goods trafiic on a line 
having sharp curves and steep gradients. The prin- 
cipal dimensions are as follows : inside cylinders, 
19 in. diameter, and 24 in. stroke ; there are six 
wheels coupled, of 4 ft. 4 in. diameter ; the weight 
on the leading axle is 12 tons 17 cwt., on the centre 
axle 13 tons 19 cwt, and on the hind axle 11 toiia 



h 

i 



•: 



. 



I 



COAh-BTTBXma LOOOHOnVES. 



187 



13 cvL ; making a total weight of 38 tons when the 
engine ia in ronniug condition. 

The form of coal-buiming locomotive furnace em- 
[jojed on many of the PreDcb railways is repre- 

Flg.Jl. 




sented in Jig. 74, which shows the fire-box of one of 
the locomotiTes employed on the Paris and Orleans 
railway, and in which Tembrinck'a system of burning 
the amoke is introduced, a is the fire-box in which 
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the fire is placed, resting on the fire bars B, and these 
bars aiV3 made taper, so as to have a narrower air 
space near the fiimace month than fiirther in ; c is a 
set of sub»diarj bars set in a frame which may be 
opened to drop the fire, or to let the clinkers out ; d 
is a water space running obliquely across the furnace 
nearly parallel to the bars ; £ is a mouthpiece to re- 
ceive the coal which is there roasted by the radiant 
heat from the fire ; and the expelled gas is burned 
by coming into contact with the fiame from the fire 
aflier being mixed with the air which enters through 
the air-yalve at F, which is regulated by the handle G ; 
H is one of the doors opening into the fire-box. It 
is stated that in these engines the evaporation with 
coal is about the same as with an equal weight of 
coke, and that the expense of the fuel is only half as 
great as when coke is employed. 



FOREIGN GOODS LOCOMOTIVE^. 

Some idea will be formed of the kind of ' steam 
elephants ' employed on some of the foreign railways 
in conveying goods, by a reference to figa, 76, 76, 
and 77» and which are a side elevation and two 
transverse sections of one of the 8-wheeled goods en- 
gines employed on the Northern Railway of France. 
It will be observed the fire-box is considerably wider 
than the width between the wheels ; and the barrel 
of the boiler is crammed so full of tubes as to leave 
scarcely any room for steam, and little facility for the 
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circulation of the water. Of course sucli a boiler 
will prime ; but to meet this difficulty a auperheater 
is carried along the top of the boiler : and as vith 




all thia gear the erection would be too high to go 
ondei the bridges with the addidoa of the chimnej, 
a horizontal chimn^ a little turned up at the end is 
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employed. Machmes, however, even atill more for- 
midable than this are used ia Bome cases ; and on 
^e same line engines with twelve coupled wheels 




Knd four cylinders are employed, two of the cylinders 
being placed at one end of the engine and driving 
six of the wheels, and the other two cylinders being 
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placed at the other end of the engine and driving the 
other six wheels. So &r as these parts are concerned, 
there are virtually two locomotives; but there is 
only one boiler resting on one framing, in which all 
the wheels are placed. To enable such a great 
length of coupled wheels, however, to get roimd 
curves, the fore and after axles of each group of six 
wheels are susceptible of a little end play ; and a 
horizontal lever with a iiilcrum over the centre axle 
of each group extends to the fore and after axle of 
each group, to which it is so connected that when 
the fore axle moves a little on end in one direction, 
the after axle shall be constrained to move a little on 
end in the opposite direction. By this complex ar- 
rangement the one group of six wheels is enabled so 
to arrange itself relatively with the other group that 
an effect tantamount to that produced by a joint in 
the frame is obtained. The peculiar features of this 
engine wiU be better imderstood by a reference to 
Jig. 78, where A A are the cylinders, b the boiler, s 
the superheater, and c the chimney. 

One of the engines of the Orleans railway is repre- 
sented in fig, 79, but as it resembles the construction 
of common locomotives, it is unnecessary to de- 
scribe it. 

One of the steepest gradients which has to be sur- 
mounted by railways in any situation is that known 
as the Soemmering incline, on the line from Vienna 
to Trieste, where it crosses the Styrian Alps. Vari- 
ous special forms of locomotives have been contrived 
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to surmoTint this difficulty, in some of which the 
wheels of the tender were driven from the engine by 
pitched chains, and in other cases spur wheels be- 
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tween the axles were employed. Fig. 80 represents 
the form of engine employed on this service in 1856, 
and^^. 81 represents the form employed in 1861. 
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In this last example the tender is atttached td the 
engine in the manner usual upon other railwajns ; but 
in^^. 80 the tender is stuck on to the end of the 
engine and is supported upon wheels which are put 
into revolution by means of rods proceeding from the 
nearest wheels of the engine, which wheels are them- 
selves put into revolution hj means of gearing. 
Upon the third axle of the engine a toothed wheel is 

Fig, 81. 




ElOHT-COUPLBD WU££L ENaiNE OF IStEMMEKl^U INCLINE, 1861. 

fixed, which gears into another toothed wheel of the 
same size, and this last wheel gears into another 
toothed wheel on the next axle and turns it round. 
The positions of these toothed wheels are shown in 
the figure by dotted circles. 

In some of the forms of engine with four cylinders, 
and six coupled axles, three of the axles and two of 
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the cylinders are attacliod to a framing, on which the 
boiler rests on two points, one on each side of tlie 
fire-box, while tlie other three axlea and the other 
two cyUnders are attached to a bogie or independent 
CBrriage travelling upon a centre on which the 
smoke box rests, and this bogie accommodatea itself 
to the curves of the road. Such a device, however, ia 
only a eliuusy appraximatioQ to two independent 
engines, and the use of tivo engines with the foot- 
plates brought together as recommended by me in 
my ' Treatise on the Steam Engine ' in 1845, so that 
one set of haodles might govern the movements of 
both engtoea and one etoker-fire both furnaces, would 
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be greatly preferable to the use of tHose xmcoutb 
leviathans. The great height of these engines rela- 
tively with the width of base necessarily makes them 
top heavy ; while the relative narrowness of the gauge 
— ^which limits the diameter of the barrel of the boiler 
and consequently the area for the introduction of the 
tubes — ^has led to such crowding and such contraction 
of the areas in this part, as to diminish the efficiency 
of the heating surface, besides leading to other incon- 
veniences. 

The principal dimensions of some of the more re- 
markable of the continental locomotives are given in 
the following table : — 
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AMERICAN LOCX)MOTIV£S. 

The American locomotiyes dififer in several of their 
features from those which are employed in this 
country, and there is nearly always some special 
feature in the traffic, the fuel, or the climate to war- 
rant the distinction, and to render it judicious ; but 
the difference is not nearly so great as that which 
obtains in some of the continental locomotives. The 
fore part of the engine is usually supported upon a 
wnall four-wheeled truck or bogie ; a large cone is 
frequently placed aroimd the chimney for catching 
the sparks, which are very inconvenient when wood 
is burned; but many American locomotives now 
bum coal. When a spark-catcher is used, a sort of 
inverted saucer over the mouth of the chimney de- 
flects the sparks downwards into the cone, whence 
they are drawn ofiT at intervals by a small door. 
The top of the cone is covered with wire gauze. Jn 
the front of the engine is an arrangement of bars of 
iron called a cowcatcher, for throwing any object off 
the line which may happen to be upon it ; and this 
apparatus also acts like a snow plough, should snow 
have fallen on the line. Fig, 82 is a vertical section 
of a first-class American locomotive, exhibited in 
Paris in 1867, by the great locomotive works of Pat- 
terson, fifteen miles fi:om New York. The engine is 
an outside cylinder engine, with four coupled wheels 
and a bogie under the fore part. The following are 
some of the chief dimensions: Diameter of cylin* 
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der 16 in. ; length of stroke 12 in. ; number of tubes 
(2 in.) 142; length of tubes, 10 ft. 11 in. ; total 
heating surface, 950 sq. ft. ; total grate surface, 16 
sq. ft. ; outside diameter of boiler barrel, 4 ft. ; length 
of boiler over all, 19 ft. 11 in. ; total weight of engine, 
27^ tons, of which 18 tons rest on the driving 
wheels. The driving wheels are 5 ft. 7 in. diameter, 
but when great speed is required in American engines 
the driving wheels are made 6 ft., and some times 
7 ft. in diameter; but it is almost the invariable 
custom to use four coupled wheels for all speeds. 
The hind pair is furnished with flanges, but the 
leading driving wheels are usually without flanges, 
and are commonly cylindrical, instead of being some- 
what coned. The cylindrical wheels are said to 
wear much better than the coned, and to cause less 
oscillation. For working steep inclines, engine? 
with eight wheels coupled, and from . 2 ft. 6 in. to 
2 ft. 9 in. in diameter, are usually employed. These 
wheels are generally of chilled cast iron. It is usual 
to make the driving wheels of passenger engines 
with cast-iron centres and crucible steel tires, but 
sometimes the tires are of chilled cast iron, which 
is siiid to be better fitted to endure the frost, and 
the wheels of the trucks are always of cast iron 
chilled with the spokes cast hollow and banded with 
steel tires. In the heavy engines employed in trans- 
porting coal on the Beading Hailway, and which 
bum anthracite coal, there are eight coupled wheels 
4>f43in. diameter, and the cylinders are 19 in. dia- 
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meter, and 22 in. stroke ; the boiler is 46 in. dia- 
meter, and contains 103 iron tubes, 2^ in. external 
diameter and 14 il. long; the fiimace is 7 ft. long, 
and the bars are cast in pairs, and are made mov- 
able by a lever, so that the clinkers may be readily 
broken up. The ashpan is made to contain a few 
inches of water, to prevent the bars from being burnt 
out. A good deal of the coal is said to be wasted 
in these engines, from being carried up the chimney 
by the draught ; and a good deal by falling through 
the bars of the grate. Upon the whole, anthracite 
coal cannot be said to have been very successfully 
introduced in locomotives. It is severe upon the 
furnace, and the evaporating efficacy reached does 
not appear to have been more than 7 lbs. of water 
per pound of coal, which is a good deal less than is 
obtained with coke. 

Probably the plan of blowing the anthracite into 
the frirnace in the state of fine dust, mixed with the 
proper proportion of air, would be found to be a pre- 
ferable mode of introducing it to that in common use. 
The clinkers in such an arrangement could be made 
to overflow in the state of slag, as in the furnaces for 
smelting iron ore. Up to the present time all kinds 
of boiler furnaces for all kinds of coal are defective, 
and the coal should either be reduced to the state of 
powder, or be converted into carbonic oxide, which 
might be burned in the form of gaseous fuel, as in 
iron works has long been done. 

There are generally no buffers between the engine 
and tender of American locomotives, but a wedge is 
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interposed between the abutting surfeces to prevent 
shocks. In the various carriages of the train, central 
buffers alone are used. The whistle is larger than 
that used on the English lines. Glass gauges are not 
found to stand, and four or five gauge-cocks are em- 
ployed instead. The feed pumps have air vessels 
both on the drawing and the forcing sides. The 
link motion is in universal use. The axle boxes are 
usually made close, and are supplied with oil, and 
provided with leather washers to keep the oil in. 
The boxes do not require to be packed or oiled more 
than once a month. The boxes are sometimes of 
bell-metal, sometimes of a composition of 92^ parts 
of zinc and 7^ parts of copper, and sometimes are 
lined with, or wholly composed of, soft metal. 

To give toughness to the cast-iron wheels, they 
require, after having been cast in a chill, to be 
annealed. The wheels, therefore, as soon as they 
are set, and while yet red hot, are transferred to pits 
which have been made very hot by anthracite fires. 
The pits are hermetically sealed, to prevent the ad- 
mission of air ; and after three days the wheels are 
taken out, when the annealing process is found to be 
completed. The annealing does not affect the chill- 
ing of the tire, which is half-an-inch deep, as the 
operation of chilling takes place when the metal sets. 
It is necessary, however, with these chilled wheels to 
be careful not to apply the breaks too suddenly, so 
as to occasion slipping on the rails, as the firiction 
takes out the chill at that spot and causes a fiat soft 
place to form on the wheel, which destroys it alto- 
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gether. Brake blocks of cast iron are used in some 
cases, and are found to be preferable to wood. The 
brakes are set by winding a chain in connection with 
them on an upright barrel having a handwheel at 
the top. In cases of emergency it has been proposed 
to work the brakes by a friction wheel which may 
be instantly pressed down on the driving wheel of 
the engine. A cord is carried along the top of every 
carriage of the train to a large gong bell placed on 
the engine. This cord is formed in lengths equal to 
the length of a carriage, and the pieces are connected 
together by metal snaps. A small shaft led along 
the top of each carriage, with square or triangular 
ends and sockets and universal joints would be an 
equally simple arrangement. It is not found practi- 
cally in America that there is any trouble in con- 
necting the cord to the new carriages when a change 
in the carriages takes place. 

The American railway carriages are of much 
larger dimensions than those employed in this coim- 
try. The bodies are commonly made about 45 ft. 
long, 9|^ ft. wide, and 7 ft. high. The carriages are 
open from end to end, and at the end doors are 
placed, opening upon platforms protected by railings, 
and establishing a passage between one carriage and 
the next adjoining. From the platform stairs de- 
scend, by means of which passengers enter or leave 
the carriages. The seats are ranged on each side of 
a central passage; and the backs of the seats are 
made to turn either way. On the roof of the car- 
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riages ventilators are placed ; and there is a stove to 
warm the carriage in winter, and a supply of drinking 
water. To prevent the dust from arising, a canvas 
curtain has been introduced outside the wheels on 
some lines, extending from the carriage fbor to the 
ground, whereby the dust is prevented from being 
sucked up by the motion of the train. In other 
cases jets of water propelled by a centrifugal pump, 
moved by a friction roller resting on one of the 
wheels, have been introduced in an air space on each 
side of the carriage, through which the air is ad- 
mitted ; and the air is thus cooled and freed from 
dust by the same operation. 

The carriage rests at each end on a truck or bogie, 
the wheels of which are as &r apart as the distance 
between the rails, so that the plan of such a truck 
forms a square. India rubber springs have been 
tried, but the result has not been satisfactory ; and 
plate or volute springs are now usually employed. 

In all the American locomotives, the internal fire 
box is considerably smaller at the top than at the 
bottom, so that the sides are much inclined, whereby 
the escape of the steam from the surface of the metal 
is facilitated, and the overheating of the plate pre- 
vented. The fire boxes are almost universally of 
iron. The tubes of the boiler are generally of 
copper — few iron or brass tubes being in use, except 
that in engines using anthracite coal iron tubes are 
used to diminish the wear caused by the hard par- 
ticles of coal carried up by the draught, and which 
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copper cannot so well withstand. The general pro- 
portions of the American locomotives do not differ 
materially from those prevailing in England. On 
the whole, however, the blast pipes require to be 
smaller, and the draught more intense for engines 
burning wood, to maintain sufficient vividness of 
combustion ; and the disposition now is to place the 
tubes &rther apart than formerly, as has been long 
found in this country to be expedient. In some en- 
gines it has been found that an increased supply of 
steam was obtained by removing some of the central 
tubes ; and the tubes are never placed closer than 
^ of an inch apart. 

There is frequently a blast pipe from each cylinder. 
These pipes terminate at about the level of the 
lowest row of tubes, and suspended over them is 
a pipe entitled a 'petticoat pipe,' about 8 in. in 
diameter, which reaches nearly to the base of the 
chimney. This pipe being generally made conical, 
lias a petticoat configuration. The object of this 
arrangement is to equalise the draught through the 
different rows of tubes, as when the blast pipe is 
carried up to the level of the top row of tubes, the 
greatest draught will be through them. 

STANDARD FORMS OF ENGLISH LOCOMOTTVES — BROAD 

GAUGE ENGINEa 

The most powerful class of engines constructed for 
the broad gauge is that of the Great Britain and 
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Iron Duke, of whicli the main particulars are given 
at page 84 of my ' Catechism of the Steam Engine/ 
and of which a cross section is given in^^. 83. In 
this engine, the cylinders are 18 in. diameter and 
24 in. stroke. The grate contains 21 sq. fb. of area, 
and there are 305 tubes of 2 in. diameter in the 
boiler. The total heating sur&ce is 1,952 sq. ft., 
and a cubic foot of water may be evaporated in the 
hour by every 5 sq. fl. of heating surface. An en- 
gine of this class will exert 750 actual horse power. 
The pressure in the boiler is 100 lbs. per sq. in., and 
the initial pressure in the cylinder is about 10 lbs. 
less. But at high speeds the pressure in the valve 
box is greater than that in the boiler, which may be 
imputed to the momentum of the steam when its 
continuous flow is arrested by the shutting of the 
slide valve. At 60 miles an hour, when the handle 
which moves the link was in the first notch, and the 
steam cut off at ^ of the stroke, the back pressure, 
when the area of the blast orifice was -|^ of the area 
of the piston, was 36 per cent, of the total pres- 
sure; and when the area of the blast orifice was 
enlarged to —^ of the area of the cylinder, the back 
pressure fell to 10 per cent. 

The pressure upon the slide valve of the Iron 
Duke was relieved by means of a balance piston con- 
. nected with the back of the valve by means of a link. 
But in locomotives this method of construction has 
not yet been carried out in a satisfactory manner. 
For moderately-sized engines it is perhaps hardly 
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required^ and a gridiron slide, wliich reduces tiie 
travel of the valve and correspondingly increases the 
leverage available for working it, is probably a 
preferable expedient in most cases. The benefit of 
taking off the pressure with a piston, instead of with 
a ring applied at the back of the valve as in marine 
engines, is that the valve is enabled to leave the face 
and let the water out of the cylinder if the engine 
should prime. But in the Iron Duke the pins at the 
ends of the link connecting the valve and piston were 
too small ; and in all engines employing this expe- 
dient these pins should be very large, so as to have 
adequate sur&ce, and proper arrangements should 
also be introduced for their lubrication. To this end 
a close grease cup should be applied to the valve 
box with a side pipe to permit the steam to enter 
above the oil, so that the oil might gradually drip 
through the cock; and a suitable groove or shoot 
should be formed on the valve and piston to receive 
the drip of oil and conduct it to the joints in what- 
ever position the valve may be when the drop &lls. 
The communication pipe between the top of the 
piston and the blast pipe should be large, so as to 
equalise the pressure between the steam in the ex- 
haust passage and that on the top of the piston, else 
the valve will leave the &ce when the exhaustion 
takes place. 

The steam is drawn from the boiler through a 
perforated steam pipe, and its admission to the cylin- 
ders is regulated by a gridiron slide set in the smoke- 
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box, and worked by a rod extending through the per- 
forated steam pipe to the front of the boiler. The 
damper consists of an arrangement of iron Venetians 
set against the ends of the tubes in the smoke box, 
each of which acts as a hanging-bridge in retaining 
the hottest smoke in contact with the tubes. These 
Venetians are lifted or lowered by an appropriate 
handle, and the draught is thus regulated. The 
width between the rails on which the wheels of this 
engine runs is 7 fl. 

Narrow Gauge Engines — London and North-' 
Western Railway, The type of express passenger 
engine employed on the London and North-Western 
Eailway, and constructed at the Crewe works, is 
represented in fig. 84, and the following are the 
principal dimensions of that engine : — Diameter of 
cylinder, 16 in. ; stroke, 24 in.; driving wheels, 

7 it. 6 in. diameter ; leading and trailing wheels, 3ft. 
6 in. diameter; weight on leading wheels, 9 tons 

8 cwt. ; weight on trailing wheels, 6 tons 2 cwt. ; 
weight on driving wheels, 10 tons 10 cwt. — total 
weight, 27 tons ; heating surface of fire box, 85 sq. 
ft. ; heating surface of 192 tubes, 1|- in. external 
diameter and 10 ft. 9 in. long, 915 sq. ft. (internal) ; 
total heating surface, 1,000 sq. ft. 

The distance of the leading from the driving 
wheels is 7 ft. 7 in., and the distance of the trailing 
from the driving wheels is 7 ft. 10 in. — making the 
length of the wheel base 15 ft. 5 in. The tender 
carries 2 tons of coal and 1,500 gallons of water, and 
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wheela of 3 ft. 6 in. diameter. 

This form of express engine, designed hy Mr. 
kamsbottom, may be taken as representing the most 
approved fonn of construction in tibat class of loco- 
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motives in 1865. The arrangements are chaTacteriaed 
bj mucli simplicity and el^;ance ; but their nature ia 
made bo clear by the drawing that it ia unnecessary 
iiirther to describe them. 

Supplying Water to Tenders while Running. — Mr. 
Ramsbottoro has contrived an apparatus which, by 
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enabling locomotive tenders to take in water while 
running, obviates the necessity of such numerous stop- 
ples as were necessary heretofore. This apparatus, 
represented in Jigg. 85 and 86, consists of an open 
trough of water, lying longitudinally between the 
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r^ls at about the rail level, and a dip-pipe or scoop 
attached to the bottom of the tender, with its lower 
end curved forward and dipping into the water of the 
trough, BO as to scoop up the water and deliver it into 
the tender tank whilst nmning along. 

The water trough a of cast-iron, 18 in. wide at 
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top by 6 in. deep, is laid upon the sleepers between 
the rails at such a level that when full of water the 
Bur&ce of the water is 2 inches above the level of the 
rails. The scoop B for raising the water from the 
trough, is of brass, with an orifice 10 in. wide by 2 in. 
high ; when lowered for dipping into the trough, its 
bottom edge is just level with the rails and immersed 
2 in. in the water. The water entering the scoop 
B is forced up the delivery pipe c, which discharges 
it into the tender tank, being turned over at the top 
so as to prevent the water from splashing over. The 
scoop is carried on a transverse centre bearing d, and 
when not in use is tilted up by the balance weight E 
clear of the groimd. For dipping into the water 
trough it is depressed by means of the handle F from 
the footplate, which requires to be held by the engine- 
man as long as the scoop has to be kept down. 

The upper end of the scoop B is shaped to the form 
of a circular arc, as is also the bottom of the delivery 
pipe c, so that the scoop forms a continuous prolonga- 
tion to the pipe when in the position for raising water. 
The limit to which the scoop is depressed by the 
handle f is adjusted accurately by set screws, which 
act as a stop and prevent the bottom edge of 
the scoop being depressed below the fixed working 
level. The set screws also afford the means of ad- 
justing the scoop to the same level when the brasses 
and tires of the tender have become reduced by wear, 
causing the level of the tender itself to be lowered. 
The orifice of the scoop is made with its edges bevelled 
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off sharp, to diminish the splashing ; and the top edge 
is carried forward 2 or 3 in. and turned up with the 
same object. 

The water trough a is cast in lengths of about 6 ft., 
so as to rest upon each alternate sleeper, and is fixed 
to the sleepers, the height being adjusted by means of 
wood packing. The ends of each length are formed 
with a shaUow groove, in which is inserted a strip 
of round vulcanised india-rubber, to make a flexible 
and watertight joint, the metal not being in contact ; 
this meets all the disturbances arising firom expan- 
sion, settlement of road, and vibration caused by the 
passage of trains. The length of trough now laid on 
the Chester and Holyhead Railway near Conway is 
441 yds. on the level ; and at each end the rails are 
laid at a gradient of 1 in 100 for a further length of 
16 yds., the road being raised for that purpose, so 
that the summit of the incline is 6 in. higher than 
the level portion : the trough is tapered off in depth 
to a bare plate, so that the same thickness of wood 
packing serves for fixing it throughout the entire 
length. The portion of the line where the trough is 
fixed is a curve of 1-miIe radius, and the outer rail 
is canted 1 in. above the inner, the wood packing 
being made taper for fixing the trough horizontal; 
but the cant does not interfere with the efficient 
action of the scoop on the tender^ since it amounts to 
only ^ in. on the 10 in. width of scoop. At each 
extremity of the water trough is an overflow pipe, 
limiting the height of water in the trough. 
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The trough contains 5 in. depth of water, and the 
ficoop dips 2 in. into the water, leaving a clearance of 
3 in. at the bottom of the trough for any deposit of 
ashes or stones. The trough is so constructed as to 
present no obstruction to be caught bj any loose 
couplings or drag-chains that may be hanging from 
the trains passing over it; and experiments have 
been tried with a bunch of hook chains and screw 
couplings hanging down behind the tender and 
dragged along the trough without any damage oc- 
curring. 

As to any difficulty from ice, a thorough trial has 
been afforded by severe winters ; and by means of a 
small ice plough, which was run through the trough 
by hand each morning, the coating of ice was re- 
moved from the surface of the water, and no more 
was formed afterwards excepting a film so thin that 
it was removed by the scoop itself in passing through 
the trough, without being felt at all. It has indeed 
been shown, that the continuance of this action with 
the succession of trains in ordinary working would 
be sufficient in this climate to prevent the formation 
of any ice thicker than could be readily and safely 
removed by the passage of the scoop alone, even 
during the severest seasons. 

The principle of action of this apparatus consists 
in taking advantage of the height to which water 
rises in a tube, when a given velocity is imparted to 
it on entering the bottom of the tube ; the converse 
operation being carried out in this case, the water 
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being stationary and the tube moving through it at 
the given velocity. The theoretical height, without 
allowing for friction, &c., is that from which a heavy 
body has to fidl in order to acquire the same velocity 
as that with which the water enters the tube. Hence, 
since a velocity of 32 ft. per second is acquired by 
falling through 16 ft., a velocity of 32 ft. per second, 
or 22 miles per hour, would raise the water 16 ft. : 
and other velocities being proportionate to the square 
root of the height, a velocity of 30 miles per hour 
would raise the water 30 ft. very nearly (a conve- 
nient number for reference), and 15 miles per hour 
would raise the water 7^ ft. — half the velocity giving 
one quarter the height. In the present apparatus 
the height that the water is lifted is 7^ ft. from the 
level in the trough to the top of the delivery pipe in 
the tender, which requires theoretically a velocity of 
15 miles per hour; and this is confirmed by the 
results of experiments with the apparatus : for at a 
speed of 15 miles per hour the water is picked up 
from the trough by the scoop and raised to the top 
of the delivery pipe, and is maintained at that height 
whilst running through the trough, without being 
discharged into the tender. 

The theoretical maximum quantity of water that the 
apparatus is capable of lifting is the cubic content of 
the channel scooped out of the water by the mouth 
of the scoop in passing through the entire length of 
the trough ; this measures 10 in. in width by 2 in. 
in depth below the surfece of the water in the trough. 
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and 441 yds. in length — amounting to 1,148 gals, 
or 5 tons of water. The maximum result in raising 
water with the apparatus is found to be at a speed of 
about 35 miles per hour, when the quantity raised 
amounts to as much as the above theoretical total ; so 
that, in order to allow for the percentage of loss that 
must xmavoidablj take place, it is requisite to measure 
the effective area of the scoop at nearly the outside of 
the metal, which is ^ inch thick and feather-edged 
outwards, making the orifice slightly bell-mouthed 
and measuring at the outside 10^ in. by 2^ in. ; this 
gives 1,356 gallons for the extreme theoretical quan- 
tity. By experiment it appears that the variation in 
the quantity of water delivered is very slight at any 
speed above 22 miles per hour, at which nearly the 
full delivery is obtained; the greater velocity with 
which the water enters at the higher speeds being 
counterbalanced by the reduction in the total time of 
action whilst the scoop is traversing the fixed length 
of the trough. It also appears that at any speed 
above that which is sufficient to discharge the water 
fireely firom the top of the delivery pipe, all the water 
displaced by the scoop is practically picked up and 
delivered into the tender. In these experiments the 
water level was maintained the same in the trough 
each time by keeping it supplied up to the overflow 
orifice at each end ; and the scoop was lowered to the 
same level each time by means of the set screws, the 
height of the tender itself being maintained practi- 
cally the same in each case. 
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The construction of this apparatus was pressed 
upon Mr. Ramsbottom by the accelerated working of 
the Irish Mail, the arrangements connected with 
which made it necessary that the train should run 
from Chester to Holyhead (a distance of 84f miles) 
in two hours. A supply of 2,400 gallons of water 
is foimd to be required for this journey in stormy 
weather, and it became necessary, therefore, either 
very much to enlarge the tender tanks, or to intro- 
duce an arrangement under which the tender could 
take up water while running. The latter expedient 
was preferred, and it has now been matured and 
utilised with complete success. 

Goods Engines — Glasgow and South- Western Bail- 
way, — The most recent ibrm of goods engine, con- 
structed by Messrs. Hawthorn of Newcastle for the 
Glasgow and South-Westem Railway, is represented 
in^. 87. . The following are the main particulars of 
that engine : — ^Diameter of cylinder, 16 in. ; stroke, 
22 in. ; area of fire grate, 13*33 sq. ft. ; heating sur- 
face of boiler, 930 sq. ft. ; sectional area through tube 
ferrules, 1'986 sq. ft. The tubes are brass of 12-wire 
gauge at fire-box end, and 14-wire gauge at smoko- 
box end, fixed with steel ferrules at fire-box end only. 
Barrel of boiler 4 ft. diameter, and made of plates 
•j^ths thick. The leading and driving wheels are 
5 ft. diameter coupled, and have tires of cast steel. 
The trailing wheels are 3 ft. 6 in. diameter, and have 
tires of the best Yorkshire iron. This class of engines 
has inside bearings only to all the axles, and the 
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boiler is supplied with water by one of Giffard'a 
No. 8 injectors. 

Coupled Passenger Tank Engine — London^ Chat" 
ham and Dover Railway, This engine, also con- 
structed by Messrs. Hawthorn, is represented in^. 
88, and its principal dimensions are as follows :— 
Diameter of cylinders, 15 in. ; stroke, 22 in. ; area of 
fire-grate, 15'75 sq. ft. ; heating surface of boiler, 
906 sq. ft. ; area through tube ferrules, 1*968 sq. ft. 
The tubes are brass, of 9- wire gauge at the fire-box 
end, and 13- wire gauge at the smoke-box end, and 
are fixed at each end with malleable cast-iron ferrules. 
The barrel of the boiler is 3 ft. 9 in. diameter, and is 
made of ^^ plate. The leading wheels are 3 ft. 6 in. 
diameter, and the driving and trailing wheels are 
5 ft. 6 in. diameter coupled. All the wheels have 
cast-steel tires. These engines have both outside and 
inside firames, and the boiler is supplied with water 
by two of Gifiard*s No. 8 injectors. 

Coupled Express Passenger Engine — Cheat North- 
ern Railway. — This engine, also constructed by Messrs. 
Hawthorn, is represented in^^. 89. The chief dimen- 
sions are as follows :• — Diameter of cylinders, 16^ in. ; 
stroke, 22 in. ; area of fire-grate, 14*92 sq. ft. ; heat- 
ing surface, 982 sq. ft. ; sectional area through tube 
ferrules, 2*01 sq. ft. The tubes are of brass, of 9- wire 
gauge at the fire-box end, and 13-wire gauge at 
smoke-box end, fixed at each end by steel ferrules. The 
leading wheels are 4 ft. diameter, and the driving and 
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trailing wheels of 6 ft. 6 in. diameter coupled. Theie 
engines have both inside and outside fixuning. 

Goods Engine — Coptapo Extension Railway, — ^This 
engine, represented in fig. 90, and also constructed 
by Messrs. Hawthorn, is somewhat on the American 
model, and it is intended to be capable of burning 
either wood or coal. The cylinders are outside cylin- 
ders of 16 in. diameter, and 24 in. stroke. The area 
of fire-grate is 15*77 sq. ft. ; area of heating sur&cey 
1,102 sq. ft. ; and sectional area through tube ferrules- 
2*147 sq. ft. The tubes are of brass, of 11-wire gauge 
at fire-box end, and 14- wire gauge at smoke-box 
end, fixed in with steel ferrules to every tube at fire- 
box end, but with only every sixth tube femded at 
smoke-box end. The barrel of the boiler is 4 ft. 2 in. 
diameter, formed of plates -/^ths thick. The fire end 
of the engine is carried on a four-wheeled bogie or 
truck, with wheels of cast-steel 2 ft. 6 in. diameter ; 
Mid there are three pairs of driving wheels all coupled, 
made of malleable iron and fitted with steel tires. 
There is also a spark-catcher on the chimney, of the 
kind usual in locomotives where wood is burned. 
These engines are all fitted to work with a pressure 
of steam in the boiler of 130 lbs. on the sq. in. ; and, 
with the exception of the Great Northern engine, 
they all bum coal. Their symmetry, simplicity, and 
excellent proportions furnish a remarkable contrast 
to some of the continental engines, and do great credit 
to the persons concerned in their production. The 
ponderous dass of engines called Grampton*s engines, 
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at one time employed in this country, has now gone 
out of use. Their great weight was found to be rerj 
injurious to the rails. 

Among the most &yourable spedmens of looomo- 
tives exhibited at Pans in 1867, must be ranked tlie 
engine contributed by Messrs. R. Stephenson and Co., 
of Newcastle, the engine constructed by Messrs. 
Kitson, of Leeds, and the engine constructed ^Dr the 
East Indian Railway by Kepler, of Wurtemberg, all 
of which engines are to be commended for their com> 
pactness, simplicity, strength, and for the beauty of 
their workmanship. Messrs. Stephenson's engine, 
represented in Jig. 91, has none of the wheels coupled, 
and is an inside-cylinder engine ; diameter of cylin- 
ders, 16 in. ; length of stroke, 22 in.; number of 
tubes, 161; length of tubes between tube-plates, 
11 ft. 4 in. ; external diameter of tubes, 2 in. ; heat- 
ing sur&ce of tubes, 960 sq. ft. ; heating surface of 
firebox, 83 sq. ft. ; total grate sur&ce, 13|- sq. ft. ; 
mean diameter of body of boiler, 4 ft. ; thickness of 
plate, ^ in. ; working pressure permitted 12f atmo- 
spheres; diameter of driving wheels, 6^ ft.; total 
weight of locomotive working, 30 tons 9 cwt. ; weight 
on driving wheels, 13 tons 14 cwt.; on leading 
wheels, 9 tons 13 cwts. ; on trailing wheels, 7 tons 
2 cwts. Tractive force counting 65 per cent, as 
effective 3 tons 16^ cwt. ; adhesion counted at one- 
sixth of the weight, 2 tons 5^ cwts. 

Of the goods locomotive for the Bdgian railways, 
exhibited by Messrs. Kitson, and represented in Jig, 
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92, the following are the main particulars : diameter 
of cylinder, 17-J- in. ; length of stroke, 25 J in. ; num- 
ber of tubes, 200 ; length of tubes between tube- 
plates, 12 ft. 2^ in. ; external diameter of tubes, 2 in. ; 
heating sur&ce of tubes 1,150 sq. ft. ; heating surface 
of fire-box, 92 sq. ft. ; total grate sur&ce, 19^ sq. ft. ; 
mean diameter of body of boiler, 4J ft. ; working 
pressure, 116 lbs.; number of wheels coupled, 6; 
diameter of wheels, 4 ft. Sf in. ; total weight of loco- 
motive working, 36 tons, divided equally on all the 
wheels ; adhesion counted at one-sixth of the weight, 
6 tons. 

The East Indian Railway Engine, shown in^. 93, 
is made with outside cylinders and four coupled 
wheels: diameter of cylinders^ 16 in.; length of 
stroke, 22 in.; number of tubes, 162; length of 
tubes between tube-plates, 10 ft. ll|-in. ; internal 
diameter of tubes, 1*77 In. ; thickness of tubes, '079 
in. ; heating surface of tubes, 870 sq. ft. ; heating 
surface of fire-box, 96 sq. ft.; mean diameter of 
body of boiler, 4 ft. ^ in. ; thickness of plate, '43 
in. working pressure permitted, 8 atmospheres ; dia* 
meter of driving wheels, 5 ft. 3 in. ; total weight of 
locomotive working, 32 tons 8 cwt. ; weight on lead- 
ing wheels, 11 tons 12 cwt.; weight on coupled 
wheels, 20 tons 16 cwt., equally divided on each ; 
tractive force counting 65 per cent effective 3 tons 
5 cwt. ; adhesion at one-sixth, 3 tons 13 cwt. 
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DETAILS OF MODERN LOCOMOTIVES. 

Cylinders* — It is very material that the cylindera 
and valves should be made of as hard metal as pos- 
sible, as the. hardness of the metal will mainly de- 
termine the durability. Sometimes valves will run 
only twelve months before requiring to be renewed, 
and they require to be refaced at the end of six 
months. But Stephenson^s engines run four years, 
and have been known to run as long as seven years, 
"without requiring material repair. The metal of the 
cylinders is so hard that a file will scarcely touch it. 

The cylinders should always be directly connected 
with the frames of the locomotive, so as to discharge 
the whole strain upon them without communicating 
it to the boiler, as is the case when the cylinders are 
fixed to the boiler. Inside cylinders are cast in two 
parts, and are jointed by b€ing scraped to an even 
surface. The joining surfaces should make a good 
joint by being greased with tallow and bolted together, 
The cylinders are formed with flanges for attaching 
them to the fi:^mes, and those flanges are planed 
parallel to each other : they are formed with a ledge 
on each side to rest on the edge of the firame, and are 
each bolted to the frame by twelve f-in. bolts. When 
outside cylinders are employed, they are bolted in the 
same manner to the outside and inside firames. The 
valve casing is cast on the cylinder. The area of 
the steam ports is in some cases one-ninth, and in 
other cases one-twelfrh or one-thirteenth of the area 
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of the cylinder, and the eduction port one-sixth to 
one-eighth of the area of the cylinder — proportions 
which allow, at mean speeds of 25 to 30 miles per 
hour, a pressure little different from that of the steam 
in the steam pipes to exist. For higher speeds the 
ports should be larger in proportion. The valve 
casing is covered with a door, which can be removed 
to inspect the valve or the cylinder faces. Some valve 
casings have covers upon their front end as well as 
on their top, which admits of the valve and the valve 
bridle being more readily removed. 

The valve stuffing-box is commonly made to receive 
from 2 to 3 in. of hemp packing. The best form of 
valve casing to afford access to the faces is formed 
with a large cover underneath the cylinders, and with 
, wrought-iron end covers. The end covers can be 
easily taken off, and in case the cylinder faces have to 
be removed or filed up the large cover can be taken 
off, and the faces are then easy of access. With this 
form of chest the cylinders may be cast together in 
one piece. All the joints about the cylinders are 
made metal to metal. The cylinder barrel is ^ to 
•}-| in. thick, and the fianges are 1|^ in. thick, finished 
size. The cylinder and valve chest covers, when of 
cast metal, are from -^ to 1^ in. thick, and the bolts 
are from | to 1 in. diameter, pitched from 3^ to 5 in. 
asunder. The thickness of the valve chest is f to | in. 
The cylinders are joined together by 1-in. bolts fron^ 
5 to 6 in. apart. Slide valves have been made of 
cast iron, and they wear longer than brass ; but brass 
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is to be preferred, as it does not wear the cylinder 
face so much. The body of the valve should be f 
to ^ in. thick, and th« &ce 1^ in., although some 
valves are as little as f in. thick in the face. The 
exhaust cavity should be about 2^ in. deep, and well 
rounded off, so as to give a free exhaustion. The 
end of the valve rod should be foiged in the fbrm of 
a square ring or frame, into which a large square 
projection on the back of the valve fits. This ring 
should have a good broad bearing sur&ce, so as to 
lessen the chance of wearing loose. A cock is still 
placed at each end of the cylinder, to allow the 
water to be discharged, which accumulates there; 
and the four cocks of the two cylinders are connected, 
as heretofore, so that by working a single handle the 
whole are opened or shut at the same time. A cock 
is also sometimes fitted to each of the covers of out- 
side cylinders with the end formed into a swivel 
joint, so as to admit of being turned upwards to 
allow melted tallow and oil to be poured through it 
into the cylinder. But on the whole it is now 
judged preferable to use an apparatus which will feed 
the tallow to the cylinder continuously. A good 
deal of saving in tallow is accomplished by this appa- 
ratus, and the pistons are kept in better order. 
The valve &ces are suppHed with grease by oil cups, 
one on each side of the smoke-box, provided with 
double cocks, so that a supply of oil may be ad- 
mitted during the time the engine is at work. But 
here also it is desirable that the supply should be 
continuous. 
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Pistons and Piston Bods, — ^Piston rods are some- 
times made with a disc forged on one end about 
3 in. thick and 6 in. diameter, a recess being bored 
out in the piston to receive the disc. The body 
of the piston is slipped down upon the ro.d until it 
encounters the disc, to which it is made fast with 
four f -in. or -J-in. rivets. Sometimes the rod is only 
tapered into the piston and cuttered. The piston is 
made of cast iron or brass, but generally the latter, 
which is preferable to cast iron, as it does not so 
easUy break under the action of priming and loose 
bolts, and it is also lighter. The thickness of the 
metal in the body for cast iron is f to |^ in., and for 
brass f in. The thickness round the hole into which 
the rod is cuttered is 1^ in. for brass, and for cast 
iron If in. The total breadth of the piston is from 
2^ to 4^ in., and the cutters are If to 1^ in. broad, 
and f in. thick, tAperffig f in. per foot. The rings 
are from f to IJ in. broad, and f in. thick. For soft 
cylinders brass piston rings are best, but for hard 
cylinders cast-iron rings wear very smooth and re- 
quire less looking at. On the London and North- 
western Railway and on some other lines a wrought- 
iron piston is used, the rod and piston being forged 
in one piece. The piston is recessed on the circum- 
ference to receive the packing rings, of which there 
are two for a 16-in. piston. These rings are formed 
of brass, and one is placed in each recess or groove. 
Under each ring there is a steel hoop ^ in. thick, of 
the same breadth as the packing ring, which is -^ in. 
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broad and ^ in. thick. The depth of the recesses ia 
f in., and the thickness of the piston at that part is | 
to ^ in. The total breadth is 2^ and 2^ in., and 
the ends of the piston are recessed, so as to leave 
the body 1^ in. thick. The brass rings are formed 
in two parts, and jointed with tongue pieces -^ in. 
thick. The steam is admitted behind the ring 
through -nr'^' ^oles drilled in the back. The top 
of the piston rod is secured bj a cutter into a socket 
with jaws, through the holes of which a cross-head 
passes, which is embraced between the jaws hj the 
small end of the connecting rod, while the ends of 
the cross-head 'move in guides. The cross-head is 
made of wrought iron, and the piston rod is tapered 
where it joins the cross-head at the rate of about 1 in 
30, and is secured by a cutter |^ to ^ in. thick, and 
2 in. broad, tapering to l^in. The cross-head is 
placed transversely to the guide bars, and is from 2^ 
to 3^ in. in diameter at the part where it enters the 
guide blocks. The feed-pump rod joins the cross- 
head outside the guide blocks. A good form of loco- 
motive piston is shown in ^5. 94, 95, and 96, which 
also show the piston rod, cross-head, and guide blocks. 
The piston rod, it will be seen, is formed in the same 
piece with the piston. The packing rings are formed 
in two tiers, breaking joint with one another ; and 
they are pressed out by springs, tightened by screws 
passing through the body of the piston. The cylin- 
der bottom has a projection upon it to fit the recess 
ill the piston, whereby waste of steam is prevented. 
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Guides, — ^Most makers still attach their guides at 
one end to a cross stay, and at the other end to lugs 
upon the cylinder cover ; and they are made stronger 
in the middle than at the ends. Some guide bars 
are grooved out to a depth ^ to 1 in., being flat at the 
bottom, but wider at the top than at the bottom — the 
sides of the groove being sloped. The guide blocks 
are of brass ; and in wearing down they maintain their 
position in the groove. This mode of construction 
prevents side play, such as occurs with flat bars and 
blocks with lateral flanges. Guides are best when 
made double, so as to admit a single-ended connecting 
rod. The guide blocks are commonly from 9 to 
10 in. long and 3 in. broad, with ^in. flanges in the 
case of flat bars. They are made of cast iron chilled, 
or wrought iron steeled. Sinclair uses cast iron for 
both blocks and bars, and it is said they wear well if 
properly attended to. I have also used the same in 
marine engines with the piston travelling 700 ft. per 
minute. Solid steel bars and brass blocks run well 
together. The bars are from 1^ to 2 in. thick at the 
middle, tapering to 1 or l^in. at both ends, and 
from 2^ to 3 in. broad. They are generally fixed at 
one end to the cylinder cover, and at the other end to 
brackets bolted or riveted to the motion plate by two 
l^^-inch bolts or rivets. An example of the ordinaiy 
kind of guide bars is given in Jigs. 97 and 98. 

Link Motion. — ^The link motion proper for loco- 
motives resembles the link motion as applicable to 
marine engines, of which I have already given ex- 
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amples. The valve spindle is from 1^ to 1^ in. dia- 
meter, and works through a stuffing-box at each 
end of the valve chest. The end which is connected 
with the link motion is sometimes conpled to a square 
guide, which works in a socket fixed to the goide bars, 
and in outside cylinders to the side of the frame. 
On the end of the spindle is a socket secured by a 
cutter and jointed to a connecting rod f to 1^ in. 
thick, and 2 to 3 in. deep, which is, in most cases, 
suspended by a link from the boiler bottom and has 
a forked end, between which the motion or slotted 
link works. To each end of the slotted link an 
eccentric is coupled by a l-^-in. pin. The other 
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Gttids-babs of LOCOMOnVBS. 

end of the eccentric rod is attached to the eccentric 
strap ; and thus the valve derives its motion, in the 
manner explained elsewhere. An example of the 
slide valve and link motion, as usually applied in 
modem locomotives, is given mfigs, 99, 100, and 101. 
In this view the valye is shown at the one end of the 
valve rod and the link nt the other. To the ends of 
the link the eccentric rods are attached. The end of 
the valve rod nearest the link is sustained in its 
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position by a short supportii^ link ; but a guide 
would be better, as tlie versed dne of this link will 
distort the motion. The end of Ifae valre rod joins 




the block which is placed vrithin the link, and de- 



256 BEOENT IMPBOVEMENTS. 

Eccentrics and Eccentric Bods, — In Jigs, 102 and 
103 we have an example of the eccentric strap and 
rod of a modern locomotiye. The eccentric is pat 
on in two pieces secured together by cutter bolts ; 
and it is secured on the axle by a key and also by 
two screw bolts penetrating a short distance into the 
axle. In Sinclair's Eouen Engines with straight 
axles the four eccentrics were cast in one piece. 

Sometimes eccentrics are made of wrought iron, 
and are steeled by case-hardening. Grenerally the 
smaller half of the eccentric is now made of malle- 
able iron, though the larger half may be made of 
cast iron. When thus formed the weakest part is f 
in. thick. If the eccentric be wholly of cast iron 
it should be 1^ in. thick in the weakest part. In ad- 
dition to a pinching screw it should be secured by a 
key, let \ in. into the shaft, and \ in. into the eccen- 
tric. Most eccentrics have square grooves turned on 
the edges, into which fits a corresponding internal 
flange on the hoop or brass. The ordinary form of 
eccentric and hoop is shown ia figs. 102, 103. 

Mineral Locomotives, — ^A class of locomotives ia 
employed at collieries, and to carry iron ore and other 
minerals, of a cheaper construction and a smaller size 
than the common locomotives. At the Great Exhi- 
bition in 1862, Messrs. England and Co. exhibited an 
engine with 11 -in. cylinders, six wheels — four of them 
coupled — of 4fl. diameter, and with 153 tubes If in. 
diameter in the boiler. Messrs. Manning, Wardle and 
Co. of Leeds exhibited a colliery locomotive with 
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9-in. cylinders, four wheels coupled, of 2 ft. 9 in. 
diameter, and 55 tubes of 2 in. diameter in the boiler ; 
the area of the grate being 4*9 sq. ft., and the pressure 
of steam 120 lbs. per sq. in. The Neath Abbey Iron 
Company exhibited a locomotive adapted for running 
on a gauge of 2 ft. 8 in. It had 8-in. cylinders, four 
coupled cast-iron wheels of 2 ft. 4 in. diameter, and 
59 tubes in the boiler, 1^ in. diameter and 6 ft. long. 
The area of grate was 3-5 sq. ft., the total area of 
heating surface 181 sq. ft., and the weight 6 tons 
17 cwt. With steam of 66 lbs. pressure it could draw 
12 waggons, each weighing 4^ tons, at a speed of 
8 miles an hour. 

A very good example of a mineral locomotive 
engine is represented in fig. 104, which is a form of 
auineral tank locomotive engine, constructed by 
Messrs. Fletcher, Jennings and Co. of Whitehaven, 
who have devoted themselves to the special manu- 
facture of this class of engine. In this engine the 
valve gear is worked from the fore axle so as to 
enable the hind axle to be got under the fire-box, 
and thereby reduce the overhanging weight. The 
water is carried in tanks beneath the foot plate and 
under the barrel of the boiler. Messrs. Fletcher, 
Jennings and Co. have constructed numerous engines 
of this class for gauges of 2 ft. 3 in., 2 ft. 8 in., and 
2 ft. 10 in., which are common gauges of the rail- 
ways conveying minerals from the Welsh mines. 

Locomotive for Running on Ice, — Fig, 105 repre- 
sents a locomotive for running upon ice, constructed 
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hj MessTB. Neileon d 6Ia^;ow, and reported to have 
been enccessfull^ employed in conveying goods and 
paBBongers on the Neva between St. Petersburg and 
Cronatodt during the winter montha. The front part 
of the engine reata on a eledge, which is capable of 
being moved round a centre by a pinion gearing 
into a s^;ment, and worked by die steering wheel 
fihown at the front, which gives motion to an endlesB 
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screw, gearing with a suitable wheel, which tuma the 
spindle of the pnion round with great force ; and 
by swivelling the sledge — which, however, would be . 
better done by a small engine — the machine is steered. 
The after-part of the engine rests upon two driving 
wheels 5 &. diameter, the peripheries of which are 
studded with steel spikes to grip the ice. The cylin- 
ders are of 10 in. diameter and 22 in. stroke. The 
weight of the engine is 12 tons, and it realises a speed ' 



LOCOMOTIVES FOB COMMON BOADS. 261 

of 18 miles an Hour. It will be proper in such axi 
engine to apply a shelving edge on each side of the 
sledge, so that its swivelling may not be prevented by 
sinking somewhat into the ice or beaten snow ; and 
to the same end the swivelling gear should be powerful 
and imder easy and rapid control imder the worst 
circumstances likely to occur. In Eussia and in 
Sweden extensive lakes and other tracts of water, 
being frozen in winter, are available for the applica- 
tion of such an apparatus* But in some of the lakes 
there are warm springs which create holes in the ice ; 
and the desideratum to be aimed at is to render 
available the little vessels which ply in summer for 
plying also in winter by mounting them on a sledge, 
as was proposed by me to be done for some lakes in 
Sweden in 1847. 

Locomotives for Common Roads. — The rapid ex- 
tension of railways in this country has nearly super- 
seded the necessity of employing steam carriages on 
common roads, which at one time appeared likely to 
be extensively introduced. But in other countries 
not possessed of the same highly-developed system of 
locomotion the use of steam traction on common roads 
is still very important. In 1843 I described in the 
* Artizan ' an arrangement whereby the power of the 
engine of a common road locomotive might be com- 
municated to the wheels without interfering with the 
free action of the springs ; and ever since 1847, when 
I first went to India, I have continued to urge the 
employment of suitable locomotives upon the great 
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roads of that country. In 1862, being then at 
Lahore, and finding that there was one of BoydelPa 
traction engines at Bombay, which had been sent out 
for the government, but had never been used, I pur- 
chased it and had it conveyed to Moultan, and it 
went under steam firom thence to Lahore, a distance 
of about 200 miles, over one of the worst roads in 
India. This journey, however, owing to exceptional 
circiunstances, was not accomplished without consi- 
derable difficulty. From lying so long at Bombay, 
the woodwork of the shoes had become rotten, and 
the shoes had consequently to be taken off altogether 
on the road, when the engine sank in the soft ground ; 
and it had in several instances to be extricated with 
considerable difficulty. I found, moreover, that special 
provision required to be made on many points to make 
the engine suited for such roads, which are not only 
filled with ruts and soft, but in summer are deep in 
dust, and during the inundations deep in mud. The 
dust, during the journey I referred to, rose over the 
surface of the shoes, and was lifted up by them and 
scattered in the air ; and each spoke of the wheel acted 
as a scoop to lift up the dust and precipitate it over 
the engine. The evils presented by such difficulties, 
however, are not insuperable, but they indicate the 
necessity of covering over every working part of the 
engine so effectually that dust cannot enter, and also 
of not trusting to wood at all in such a climate in the 
construction of any of the parts. The shoes, or rather 
pattens, should be formed of wrought-iron or steel 
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boxes, 6 in. deep ; and I think it would be preferable 
to have their movements governed by a central cam 
or eccentric, as in a feathering paddle^^wheel, instead 
of leaving them to assume their respective positions 
from the action of gravity alone. The geared wheels 
and pinions should be formed of steel, as also most of 
the parts of the engine should be, to reconcile light- 
ness with strength. 

Boydell's traction engine in its general features 
resembles a locomotive, the fore wheels of which are 
made to swivel by proper steering gear; and the 
main part of the weight is carried on the driving 
wheel, which is encircled by a series of boards called 
an * endless railway,' which successively place them- 
selves on the ground in advance of the wheel, and 
the wheel then passes over them without sinking in 
the ground. In fact they act on the principle of the 
snow shoe in giving area proportionate to the softness 
for sustaining the weight. No doubt improvements 
in the details of these engines may be suggested; 
but the principle is sound, and the modifications re- 
quired to adapt them to conditions, such as obtain 
in an exotic coimtry like India, cannot be anticipated 
by manufacturers at home, but must be indicated by 
persons on the spot who are determined to make the 
engines answer, instead of searching for some petty 
pretext to justify their condemnation. In connection 
with the movements of the army in India, such 
engines would be of signal value, to say nothing of 
the operations of agriculture ; and the time has now 
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come when the rise in the value of labour in India 
and the increasing demand for Indian produce- 
coupled with the improvements in steam cultivation 
at home— must open the doors of that great country, 
heretofore and even yet sealed up by the narrow 
policy of an exclusive oligarchy — now changed rather 
in name than in fact — and present a new field of 
effort and of emolument to the enterprise of the 
British engineer. No country in the world is better 
suited than India for the application of steam culti- 
vation. It consists in great part of vast alluvial 
plains, which may be mapped out into any shape 
judged suitable for steam culture ; and as, with irri- 
gation, three crops in the year may be calculated on, 
the apparatus may be kept in almost constant use 
for ploughing, or reaping, or threshing. Fuel is 
scarce in some parts, but may easily be cheapened 
by planting trees of rapid growth. 

In Bray's Traction Engine sinking into the soft 
groimd is prevented by using wide wheels, and slip- 
ping is prevented by causing short spades to project 
at pleasure from the surface of the driving wheel bj 
means of an eccentric on the driving axle. 

In Aveling's Patent Traction Engine, fig, 106, 
manu^tured by Messrs. Aveling and Porter of Ro« 
Chester, there is a single cylinder surrounded by a 
steam jacket, which is in direct communication with 
the boiler by means of steam ways or orifices made 
in the top of the boiler. There will be little ten- 
dency to prime in this engine, as the cylinder is 
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brought to the forward part of the engine, and on 
ascending inclines the cylinder is necessarily fed with 
dry steam ; while, in descending, little steam is re- 
quired. By this arrangement the use of steam pipes 
either inside or outside the boiler is dispensed with. 
Engines with single cylinders and reversing gear, 
connected to the driving axle by chain gear, have 
proved themselves to be perfectly efficient. They are 
less complicated, and on the whole are better adapted 
for general traction purposes than engines with double 
cylinders. 

The working parts are housed in from the influence 
of the weather. The toothed gearing is also covered 
with light iron splashers. The propelling gear con- 
sists of a pinion at each end of the crank shaft (either 
of which can be thrown in and out of gear with the 
spur wheel below by sliding it along a feather on 
the crank shaft), working into spur wheels on a 
coimter shaft below. On this shaft is a chain pinion 
with chilled teeth, to take in a pitch chain made of 
wrought-iron links with steel pins. In the brackets 
carrying the shaft there are curved slots, struck £:om 
the centre of crank shaft above, for taking up the 
slack of the endless driving chain. These pinions 
are kept in the positions required by means of a 
simple clip of spring steel embracing the shaft, and 
lined with leather. The adjustment for taking up 
the slackness of the chain is effected by the brass 
bearings carrying the shaft being kept up in the slot 
by a block at the bottom of each« There is another 



268 BECEirr ncPBOVEMEifrTS. 

cast-iron block above, lying on the bearing, and kept 
down by a set screw. When the chain has to be 
shortened, the thinner block below is taken ont, and 
the thicker one above is substituted in its stead. 
The brass step is thus fixed in a perfectly firm and 
solid adjustable bearing. The gearing is connected 
to the driving wheels by means of the endless chain 
passing roimd the chain pinion on the counter shaft, 
and a large chain wheel keyed on the axle. The 
driving wheels are 6 ft. 6 in. diameter ; on the face 
of the wheels is an outer tire, parts of which may be 
removed and replaced by angle iron paddles or clips 
for use in passing over soft and yielding ground. 

The boiler is carried through fix>m end to end 
without any break in the configuration, whereby the 
use of angle iron is dispensed with. The stay bolts 
of the fire-box are pitched 4^ in. from centre to 
centre. The fire-box is adapted for burning wood 
or coal fuel. The water for feeding the boiler is 
carried in a tank made of wrought-iron plates and 
bolted to the side plates of the fire-box, which are 
carried out for this purpose. The draw bar is formed 
of T iron, the ends of which are returned, or bent 
back, and bolted to the wrought-iron side plates of 
the tank. 

The steerage is effected by a single disc wheel 
carried on the lower end of a vertical spindle, sup- 
ported on a collar-bearing on the fi*ont end of a pair 
of angle iron shafis secured to the fore carriage of 
the engine. The upper end of the vertical spindle is 
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provided with a lever-bandle extending back towards 
the steersman, who is seated between the shafts at 
the &ont end of the engine. This engine is capable 
of ascending inclines of 1 in 12, with a load of 20 
tons, and with 8 tons will ascend an incline of 1 in 6. 
On a level road in fair condition it will haul 40 Um& 
with ease. 

One hundred and eighty of these engines are now 
in use in different parts of the world, and are used in 
sugar and coffee plantations, and in copper and lead 
mines, in dockyards, and wherever large quantities 
of materials and heavy weights have to be removed. 
Messrs. Aveling and Porter have manufactured and 
exported these engines to Eussia for the govern- 
ment, to Jamaica, Queensland, Java, Egypt, Prussia, 
Buenos Ayres, &c. &c. ; and the increased denumd 
proves that steam power on common roads, and in 
new colonies, is now attracting the attention which 
its importance and utility justify. For feeding the 
traffic of railways steam traction on common roads 
is particularly valuable. In India, branch railways 
have been projected for this purpose, which were at 
one time intended to have a narrower gauge than 
the ordinary railways of that coimtry. But the in- 
judicious break of gauge has now been abandoned, 
and all railways, whether trimk or branch, established 
to carry on the communication of the country, are 
intended to have the same gauge. Prior to the for- 
mation of a railway, however, it is advisable to make 
a metalled common road on which traction engines 
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may run; and when the traffic has thus been by 
degrees nursed up to a certain point of magnitude, it 
will become adyantageous to lay down rails &r the 
engines to run upon. This is the proper course of 
development in a new or undeveloped country ; and 
the construction of expensive lines of railway in dis- 
tricts covered with jungle, and destitute of populatioUi 
cannot be justified by any principle of reason or any 
indication of common sense. 

Aveling*s Patent Agricultural Eoad Locomotive, 
designed for steam cultivation, threshing, sawing, 
and removing agricultural produce, is represented in 
fig, 107. The boiler, like that already described, is 
imusually large and is flush ; it is clothed with hair 
felt, lagged and covered with sheet-iron £:om end to 
end. The cylinder and working parts are like those 
of the engine intended exclusively for traction pur- 
poses. The gearing, however, is single, and for one 
speed only. There is a pinion on the end of the 
crank shaft, working into a spur wheel on a stud 
below ; and on this wheel is cast a chain pinion to 
take in the endless pitch chain. This gearing works 
on the stud in a curved slot in the lower part of one 
of the crank shaft brackets, struck £:om the centre of 
the crank shaft. In the side of the bracket is an 
adjusting set screw, working through a tapped boss, 
and bearing at its inner end against the side of the 
stud shaft. By turning this screw the stud shaft may 
be caused to slide laterally in the curved slot, as this 
slot in the bracket is cut from the centre of the crank 
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shaft, and by this arrangement the stiid shaft may be 
adjusted to any desired amount, so as to tighten up 
the driving chain without interfering with the gearing 
together of the spur wheel on the stud and the pinion 
on the crank shaft. 

The spur wheel receives motion from the pinion, 
which slides laterally by means of a groove and 
feather on the end of the crank shaft^ but always 
revolves with the shaft. The object of this lateral 
adjustment of the pinion is to throw it in or out of 
gear with the spur wheel, so that, when the engine 
is not required to travel over the ground, the loco- 
motive gear may be thrown out of action ; and the 
engine can then be immediately employed to drive 
ploughing, threshing, sawing, or any other machinery, 
in the same manner as ordinary stationary or portable 
engines. 

On the axle of the road wheels is a large chain 
wheel, round which and the chain pinion an endless 
chain passes, connecting it to the driving gear already 
described. 

The road or driving wheels are loose on the axle, 
but are driven by a bolt passing through a boss on 
the nave and through the chain wheel on the one 
side, and on the other through a hole cast in the 
friction break, which, like the chain wheel, is keyed 
upon the axle. The object in connecting the wheels 
with the driving gear in this manner is to enable 
either wheel to be readily disconnected, which is a 
great advantage in turning very sharp curves. But 
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a self-acting clutch may also be used for this pur- 
pose. The driying or road wheels are 5 ft. 6 in. in 
diameter, and 16 in. broad on the £u;e; there is a 
5 ft. fly-wheel for driving machinery when the engine 
is disconnected from the locomotive gearing. There 
are now many of these engines that have travelled 
from 4,000 to 6,000 miles, moving frt)m farm to 
£irm, with a threshing machine attached, over the 
worst roads in England at all seasons of the year. 
The saving of horse labour in this instance alone is 
^ from being unimportant. The engine is none the 
less suitable for common farm purposes from being 
able to move itself about frt)m place to place ; and 
many years ago I suggested, in my ^ Catechism of 
the Steam Engine,' the expediency of such a combi- 
nauon. 

In traction engines for common roads the objects 
to be fulfilled are now different, so far as r^ards use 
in this country, from what they were in 1830 when 
Gumey, Hancock, Ogle and Summers, and various 
other engineers, introduced steam carriages on the 
common road, some of which machines were charac- 
terised by much mechanical ability. At that time 
the design was to supersede stage coaches. But this 
end has been attained by railways more completely 
than could be done by any form of steam apparatus 
on the common roads. Although, however, steam 
coaches are no longer required in England, steam 
waggons may be made a valuable expedient of in- 
ternal transport for domestic purposes, or as ancil- 
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laiy to railways; while in foreign countries less 
developed than England, and still without railways 
in many districts, steam coaches on the common road 
may be made a valnable intermediate improvement, 
and rails may finally be laid down when the traffic 
has risen to such a point as to warrant the ex- 
penditure. 

The form of traction engine constructed by Messrs. 
Garrett and Son, represented in fig, 108, nearly re- 
sembles one of the forms employed by Messrs. 
Aveling and Porter ; and most of these forms, it will 
be observed, are the natural development of the 
common portable farm engine, which common sense 
indicates should be made capable of being put to as 
many useful purposes as possible. 

Messrs. Clayton, Shuttleworth and Go's Traction 
Engine is represented in fig. 109. This engine is 
substantially the portable engine of the same makers 
with some additions. 

In the traction engines of foreign manufacture 
exhibited at Paris in 1867 there was no feature 
indicative of improvement upon the home models 
with which we had before been familiar, and on the 
whole the foreign types were certainly worse than the 
English. Fig, 110 represents the traction engine of 
M. Albaret, which was the best specimen of this 
species of engine contributed by France. There are 
two cylinders set beneath the barrel of the boiler, as 
in locomotives, and the motion is communicated to 
the driving wheels by gearing and pitched chain& 
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The cjimdera are ^ in. diameter, and 13f in. 
stroke. The boiler is made of steel plate ^ in. thick, 
and carries a pressure of 150 lbs. The total heating 
sarfiu» is 200 sq. ft.; diameter of driving iviieels 
4 ft. 2 in. ; width of do. 14 in. ; diameter of leading 
wheels 3 ft. 3 in. ; width of do. 8 in. ; weight of 
engine with water and coal 9^ tons. The leading 
wheels are not set nearly so widely apart as the 
driving wheels, and the steering by svdvelling the 
fore carriage will thus be rendered easier. But the 
traction will also be rendered heavier from the driving 
wheels not fi>llowing in the track which the leading 
wheels had made. The barrel of the boiler it ¥rill be 
observed is made small and is filled with water to 
obviate the risks of the ends of the tubes being bared 
in mounting an incline. But it would be quite 
impossible in such a boiler to get dry steam. 

In Messrs. Ransomes and Simms* traction engine, 
represented in Jig. Ill, there is one cylinder placed 
on the top of the boiler as in the usual form of 
portable engine, and the space beneath the barrel of 
the boiler is occupied by a water tank. The driving 
wheels are driven by gearing without the aid of 
pitched chains, and the steering is performed by 
leading rods from the fore carriage to a hand wheel 
situated on the foot plate. The cylinder is 9 in. 
diameter, and 12 in. stroke. The boiler contains 27 
tubes of 2^ in. diameter, and the working pressure 
is 90 lbs. The road wheels are formed with cast- 
iron tires and wrought-iron spokes, and between the 
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geared wheels driven by the engine and the driving 
wheels, a iriction clutch intervenes to enable the 
engine to be started and worked for a few strokes 
without any load, and also to give the power of pro- 
ceeding easier round bends. There are two different 
speeds upon the gearing, either of which may be used 
to suit the load to be overcome. It cannot be said 
that any of the forms of traction engine yet intro- 
duced are unexceptionable. But upon the whole it 
appears to be the best plan to construct the boiler 
with upright tubes, to form the driving wheels of 
wrought-iron drums, which would be imable to lift 
the mud or dust, and to apply self-acting clutches to 
the driving wheels, so that in bends of the road, one 
clutch would alone act, the other being for the 
moment rendered inert by overrunning the axle. 
The toothed wheels should in all cases be made of 
wrought iron or of malleable cast iron, and it appears 
advisable to have two coupled driving wheels on 
each side, to gain the necessary adhesion without 
cutting into the road. Springs and equilibrium levers 
should be employed, and to enable the springs to act, 
the toothed wheel which drives the road wheel 
should be of bevel gear with a bevel pinion working 
into it, and fixed on an upright shaft in which there 
is a sliding triangular socket. Two cylinders may 
be used, working independently but capable of being 
worked in concert, by the aid of a fi:iction clutch on 
the crank shaft, and these cylinders will adjust their 
own speed to answer the requirements demanded by 
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the bends of the road. The steam should be worked 
very expansiyelj to save water and also to save ftiel, 
and should be condensed by some simple surface 
apparatus that would also heat the air proceeding to 
the fires. 

Steam Boilers, — It has long been an objection to 
the use of macadamised roads that a considerable 
time elapses before they are consolidated by the 
traffic passing over them, and that during this pdnful 
peri 3d the traction is very heavy, and both horses 
and vehicles suffer injury. In France great steam 
rollers have been for some time in use, for consolida- 
ting these roads, and the system has subsequently 
been introduced into this coimtry ; and Mr. Clark of 
Calcutta, Messrs. Aveling and Porter of Rochester, 
and others, have contrived and constructed such 
rollers with varying success. The most perfect form 
of road roller yet introduced, however, is that con- 
trived by Mr. David Thomson, of Messrs. Morland 
and Son's, London, and which is shown in fig, 112. 
There are two cylinders vrorking downward to a cross 
shaft, which carries two pitched chain pinions, that 
give motion through the medium of the chains to the 
roUer, which constitutes one great driving wheel ex- 
tending irom side to side of the carriage. The 
steering is accomplished by the aid of the leading 
wheels, each of which is carried in a forked vertical 
axis capable of being swivelled by a worm wheel at 
its upper end. The whole machinery is carried by a 
wrought-iron framing 19 ft. 8 in. long, 8 ft. wide^ 
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and 6^ ft. deep, and standing 8 ft. above the road- 
way. The total weight of the machine is 25J tons, 
of which 21 J tons are carried by the roller and the 
rest by the leading wheels The roller is 6 ft. lonf^ 
and 7^- ft^ diameter and is constructed of wrought- 
iroQ plates, nveted together the plate beiog ^ in. 
thick with internal stiffening staya and weating 




platea are applied to its exterior which may be 
renewed when worn out The cylmders are each of 
11 m diameter and 18 m stroke and five revolu- 
tions of the engines produce one of the roller. The 
boiler ia vertical, 4 ft. 2 in. diameter, and 10 ft. 3 in. 
high, with 64 Field tubes, 2:^^ external diameter. 
The engine is fitted with the hnk motion to render 
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reversmg eas^. The road, after being picked and 
covered with broken stone mixed with a little sand 
or gravel, is well-watered, and the roller is ran back- 
ward and forward over it a few times, when it is 
found to be perfectly consolidated, and fit for imme- 
diate traffic. The machine does not require to be 
turned round at the end of its beat, but onlj backed, 
as it will run indifferently in either direction ; and 
like a great mangle it smooths down the road much 
more effectually than traffic could do, and without 
any injurious attrition of the stones upon one 
another. 

One of the most important applications of the 
portable engine is to the work of steam ploughing, 
for which each principal manufacturer has some 
special arrangement. That known as Savory's system 
is represented in Jig. 113. By this plan an engine 
suitable for winding a rope is placed on each side of 
a field, and the engine on the one side winds up a 
rope passing across the field which the other engine 
unwinds. The plough is attached to this rope, and 
it is drawn to one side and to the other by each 
engine alternately, each advancing a short distance 
along the field for every cut that is made. The 
modem practice, however, is to have two ropes and 
two ploughs simultaneously crossing the field as well 
as two engines, whereby tlie whole time of the engines 
IS utilised. Fig. 114 is a representation of Fowler's 
ploughing engine, in which it will be seen there are 
two drums rotating on vertical axes beneath the 
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er, on one of frfaich the engine ia winding np the 
B rope, drawing tiie frame of ploughaharea, while 




the engine at the oppomte aide of the field ia at the 
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Bune time winding np the other rope, and conse* 
quentl J unwinding it from the dram here represented. 
In point of &ct an endleaa rope would answer as well 
as two ropes, and an endless rope ma j be made to 
work two sets of ploughs bj being passed over a 
movable pnllej at the opposite side of tiie field 
without the necessity of using two engines. The 
single engine, however, would require to have the 
same power as the two it superseded to do the same 
work in the same time, and there would be the 
trouble and delay incidental to tiie moving of the 
pulley and its anchors while the weight of an engine 
constitutes anchor enough. All things considered 
therefore, the plan of having two engines and two 
ropes passing across the field appears to be the best 
yet introduced. 

The increasing power of agricultural engines has 
induced Messrs. Ranaomes and Simms to employ for 
the larger powers a form of combined engine, con- 
sisting of two engines placed side by side, with the 
cranks at right angles, as in locomotives. An ex- 
ample of this form of engine is given in^. 115 ; and 
it is distinguished by the faithful workmanship and 
good proportions by which Messrs. Ransomes and 
Simms have earned their high reputation. 

In fig, 116 is shown a form of cylindrical boiler, 
patented by Messrs. Biddell and Balk, and manufac- 
tured by Messrs. Ransomes, which enables the fire- 
box and tubes to be withdrawn firom the shell or 
barrel, so as to give &cility for removing and clean- 
ing out the incrustation and dirt, which is so injuiiona 
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in some cases, and which cannot easily be removed 
from boilers of the usual form. In this patent boiler 
tlie back tube plate, as well as the front outside 
plates, are bolted to flanges riveted to the shell of 
the boiler. These flanges being truly placed, the 
steam-tight joints are made with as great a ^cility 
as the cylinder-cover joint of a large steam engine. 
Where the water is very dirty and leaves much 
deposit, this boiler is strongly recommended. 

These boilers, as well as the ordinarily formed 
boilers, are constructed with especial reference to 
durability and strength. The bulk of the plates are 
of best Yorkshire quality, the remaining plates being 
Staffordshire. Ample water space is given round 
the fire-box and between the tubes, so as to ensure 
free circulation of the water. Each boiler is tested 
to double its working maximum pressure. 

The boilers are mounted upon iron or wooden 
wheels, according to the wish of the purchaser, but 
iron ones are recommended as generally more durable 
and better adapted for change of climate. 

The French forms of portable engine differ in some 
respects from the English, and in a few points the 
change is for the better ; but in many for the worse. 
As a general rule they are more complicated and the 
workmanship is not so good. But in the engines of 
Rouffet Ain^, Nillus, and a few others, the workman- 
ship is admirable, and the design is deserving of high 
commendation. It is a common feature in the French 
engines to make the tubes removable in a mass as in 
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Biddell and Balk's boiler. But in other cases Hbej 
are made as complete fixtures as the flues in tiie dd 
forms of flue boilers. All the French engines hare 
a fiume of cast iron, set like a great saddle upon the 
top of the boiler to receive the engine in the manner 
of a bed plate, and so to take all strain off the bolte^ 
and there is no doubt that this practice ia a better 
one than that of Dur makers. The form of portable 
engine exhibited bj M. Nillus of Havre, at the Paris 
Exhibition of 1867, is shown in^^r. 117. The steam 
dome, it will be seen, is much larger than in portable 
engines of the English types, and as the root of the 
chimney passes through it the steam will be super* 
heated to some extent. The end of the boiler would 
be all the better of some connecting stays, and the 
furnace flue and root of the chimney would be safer, 
if encircled by occasional hoops to prevent collapse. 
Among the lightest forms of steam engine which 
have been hitherto produced, the steam fire-engines 
constructed to pump water for extinguishing fires 
must be accorded a prominent place. In the case of 
towns supplied with water maintained at a high pres- 
sure in the pipes, the simplest mode of extinguishing 
fires is to apply a proper hose and spout pipe direct 
to the distributing main. But in the case of towns 
where this high pressure in the water-pipes does not 
exist, and in cases also where there are no water- 
works, but, nevertheless, valuable property to be pre- 
served, the use of steam fire-engines appears to be 
highly important Such engines are much more 
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effectiye than engines worked bj hand, as the requi- 
site power to work the pumps is always present, and 
as it acts with greater concert and less intermission 
l^ian anj number, of men could do. For inflammable 
capitals like Constantinople, where the houses consist 
chieflj of wood, and there is no high pressure of water 
available for the extinction of fires, the use of steam 
fire-engines is pecidiarly important, and is now begin- 
ning to attract much attention. In dockyards also, 
railway workshops, arsenals, and, in fact, in all isolated 
and important establishments, the value of such a 
powerftd expedient for extinguishing fires is now 
beginning to be adequately apprehended. It has 
long been found that in all great fires the volume of 
water thrown on the burning mass by the jets of 
existing hand engines has been quite too small to ex- 
tinguish the flames, and, in fact, the water has in many 
cases never reached the burning matter at all, but has 
been raised into steam before it could fall on the spot 
on which it has been directed. The use of steam 
appears to be indispensable to enable very large and 
powerful jets to be obtained, which would in all 
cases reach their intended destination, and would 
produce the extinguishing effect due to the refirigera- 
tion which a very large volume of water would 
necessarily cause. 

The introduction of steam fire-engines has oft^a 
been proposed, but, until lately, has been prevented 
by various practical impediments, of which one has 
been the great weight of steam engines of the ordi- 
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narr d iiaeiipCluu . In AwencMj boneier, hage Bmii- 
bers of flteam fire-engines hxwe been made, bok muj 
of them hare been of a Tery complicated and precir 
rioos cuustruc'tlcn, and in this conntzy none of tboB 
bare been much adopted. In England, hofwerer, & 
makers of the ordinary hand fize-engines have 1st- 
teriy turned their attrition to die sabject ; and boA 
Messrs. Shand and Mason, and Messrs^ Merzyweathcar 
and Son, of LcHidcm, hare prodaoed nmnerons stosm 
fire-engines marked by special featores of ezoeDenoe 
and promising good results. Messrs. Shand, Miaaon and 
Co. manufiicture two yarieties of steam fire-enginefi^ 
in one of which the cylinder is horizontal and woiks 
a horizontal double-acting pump affixed to the end 
of the piston rod ; and the stroke is measured by s 
vertical slot in an enlarged part of the piston and 
pump rod, which permits the crank pin to move up 
or down in the manner usual in donkey engines fer 
feeding boilers. The valve of the engine is worked 
by an eccentric in the usual manner, and the pump- 
valves are india-rubber discs, falling on a grating in 
the manner first introduced by Mr. Edward Humphiys, 
though few persons, it seems, are cognisant of the 
parentage of an improvement which has now become 
of almost universal application. The boiler conaists 
of a fire-box formed like the firustum of a cone, the 
better to disengage the steam fi*om the inclined sur- 
face of the plate, on which is set a cylinder removable 
by bolts to contain the tubes. From the top of the 
frustum a niunber of veiy small and short copper 
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tubes, set vertically very closely together, conduct 
the smoke into the chimney. The engine is provided 
with a small fly-wheel in the usual manner of donkey 
engines. In their vertical form of engine the boiler 
is the same as has been already described, but the 
engine is set with the cylinder inverted, and the 
pump is of the combined plunger and piston form re- 
invented by Mr. David Thomson, and first introduced 
by him in the Eichmond Waterworks in 1843. In 
this form of pump the valves are like those of a com- 
mon single acting pump, and the area of the plunger 
is half the area of the piston or bucket. As the 
piston ascends, the pump sucks itself full of water in 
the usual manner; but when the piston descends, 
the water being forced through the valves in the 
bucket into the space above the bucket, which is too 
small for it, inasmuch as half the area is occupied by 
the plunger, it follows that half the water will be 
forced through the delivery valve when the bucket 
is descending. The water left in the annular space 
between the side of the pump and the side of the 
plunger is forced out when the piston qr bucket 
ascends ; and we thus have the benefit of a double- 
acting pump with the gear of a single-acting one. 
The plunger is open at the top so as to constitute a 
trunk, and it is properly bolted to the bucket. The 
trunk and bucket are moved by means of two piston 
rods proceeding through the cylinder cover, one 
being placed on one side of the shaft, and the other 
diagonally on the other side of the shaft. The ar- 
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X-ssss. STaanr. IChol asd Go>'s. bcaaonfal 
2 r^prcsoxfiai ^jSf. lid, and dior 
pz!i« 3$ ssxija^. ^cz vrsL die crfinder M| M ^lit 
r^ pcrbrs&Kzce cc mar?? dats d engine ia toj 
3iaiz*T :^ S3X)& sad rr a:i expenment anade 
,nxs* re ^•ese «spziai a: K«sb». Penn and Son^i 
idT" ^ 15^^. wt^ ja ffy-iP l^aiisg two 
ct f^ iz. .^L-Tn»og> az:i 7 is. scoke, die power 
riSkoased wir: soeszi ct 1^) lbs. preBsoze hi die 
S^uar. az.*i wi^ 1^± r^rrcarskos per minute^ was 
ah:c3 l^^ocne pc<wer. Li die case of anodier engine 
cc ^ sa=!« diaeDs:c& also tried in Id&l, die power 
l^eDlasst^i vi^ a ^SL<e increase in die preatmre of die 
sMeci wifes IS-bone ^ver« aad die total weight of 
l£L» ec^ice widi is appuztenances was 24 cwt. 2 qrs. 
In an eqctne wiiidi Mesas. Shand, Mason and Go. 
to the oompeddTe exhibition at Middlebiugby 
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in Holland, in July 18S4, and for which they ob- 
taintd the gold medal and 500 guilder prize, there 
was only one cylinder of 7 in, diameter and 8 in. 
stroke. In an experiment made with thia engine, a 
jet of water 1J in. di:imeter waa projected under a. 
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water preasure of 125 Iba. per eq. in. With Hteam 
of 145 Iba. presHUre in the boiler, an average pressure 
of 128-15 Ibfl. per sq. in. was maintained upon the 
piston at a speed of 165 revolutions per minute, and 
&^ .lbs. pet Bq. in. of back pressure. In this cas^ the 
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mgine exerted 32} ■ctoal horse power; and as die 
total wd^ of the oigme was only 52 cwt tiie 
weight was about 1 cwt. per actoal horse power. 
As this is a rerr remaibble result, I here introdnoe 
a cop7 of the indicator diagram takea at the tdm& 
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In the Paris Exhibition of 1867 Messrs. Shand 
and Co.'h engine worked with great efficiency, bnt 
was not tried officially. In the boiler of these 
engines the tubes are so thickly set, that it will be 
important to use ptire water, so that there may be 
no incrustation, which, if confdderable, Would pte- 
yent the access of the water and cement the tubes 
into a solid maas. It is a necessity of all fire-engine 
boilers, however, that they chould have but little 
water in them, so that the Bteam may be quickly got 
t^ ; and as such engines are never required to work 
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for long periods at a time, there is abundant oppor- 
tunity for cleaning the boilers out. By making the 
upright cylinder which encircles the tubes removable 
by unscrewing a few bolts, as these makers have done, 
they provide in a great measure against the only ob- 
jection that can be made to any of their arrangements. 
Prior to the introduction of steam fire-engines, 
Messrs. Merryweather and Son, of Long Acre, had 
obtained a high reputation in the construction of 
hand fire-engines, and also in the construction of 
other fire apparatus ; and in turning their attention 
to the construction of steam fire-engines they brought 
to the problem the ripened experience that they had 
already obtaioed in other analogous constructions. 
There are two main features in the mechanism 
Messrs. Merryweather employ in their steam fire- 
engines : — the one is in the boiler, which consists of 
a number of pendulous tubes hung in a furnace with 
a smaller internal tube within each, to enable the 
circulation of the water to be carried on ; and the 
other is in the ciicumstance of the engine being 
without a crank, but the pump is worked by being 
attached to a reciprocating piston, as in Worthing- 
ton's steam pump, or in the form of donkey-engine 
introduced by Messrs. Penn, but subsequently aban- 
doned ; while the valve of one engine is moved by 
the other if there are two engines, and by a small 
independent cylinder and piston if there is only one 
engine, the valve of this small starting engine being 
itself moved by a tappet. The benefits which Messrs, 
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Merr3rweather consider that thej obtain by these 
peculiar features are, first, that in their form of boiler 
the steam is more rapidly got up than in any other, 
and certainly in this respect their engine seems to 
have the advantage over all its competitors; and 
second, that inasmuch as there is less waste of power 
in moving water slowly than in moving it rapidly, 
and as their pump and engine, with their long stroke 
and large capacities, move more slowly than is the 
case in other steam fire-engines, there will be a gain 
from this soxirce also, and the engine will conse- 
quently work with a maximum efficiency. Although, 
however, there is a loss of power in moving water 
quickly rather than in moving it slowly, the velocity 
of the water escaping from every species of pmnp 
must be the same to project a jet of the same diameter 
to the same height ; and whether the plunger of the 
pump moves fast or slow the escaping water must 
have the velocity proper for the kind of jet that has 
to be employed. It consequently will matter little 
whether the water obtains its velocity directly from 
a fast-moving plunger, or indirectly from the com- 
pression of the water which a larger plunger moving 
more slowly produces, seeing that in each case the 
water must leave the spout-pipe with the same ve- 
locity, and must carry away with it a corresponding 
amount of power. But whether the engine moves 
fast or slow a crank is equally applicable, and a 
crank will enable the engine to work with less waste 
of steam at the ends, as there will no longer be any 
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necessity to leave the same clearance at the ends to 
obviate the risk of striking. Every species of re- 
ciprocating engine which is without a crank, is more 
or less of a rattle-trap ; and although the example of 
the Cornish engines shows us that such engines are 
capable of pumping water with great efficiency and 
without intermission for long periods of time when 
moving slowly, yet it is now found that rotative 
pumping engines are quite as efficient, while they 
certainly work in a smoother and less precarious 
manner, and are capable of maintaining higher speeds 
without inconvenience. On the large scale, the 
pumping engine without a crank has been practically 
given up ; and the same considerations which make 
that abandonment advisable on the large scale make 
it equally advisable on the small. 

The consideration of the properties and perform- 
ance of the steam fire-engines exhibited at the In- 
ternational Exhibition of 1862 was delegated to a 
special committee. But two engines of Messrs. 
Shand, Mason, and Co., and one of Messrs. Merry- 
weather and Son, were the only engines which pre- 
sented themselves to be experimentally tested. All 
the boilers were filled with cold water, and Messrs. 
Merryweather and Son's engine got steam up to 
100 lbs. pressure in 12 minutes and 10 seconds, and 
Messrs. Shand, Mason, and Co.'s first engine in 18 
minutes and 30 seconds, whilst in their second en- 
gine, owing to some mismanagement which com- 
pelled them to draw the fire, 30 minutes were con- 



310 BECENT IMPBOVEMENTB. 

sumed. Messrs. Merryweather and Son's engine wai 
2 minutes and 50 seconds at work before it began 
to draw water. Nevertheless it projected 500 gal- 
lons of water into a tank 60 ft. distant in 17 minutes 
and 15 seconds irom the time at which the fire was 
lighted, but the steam fell 15 lbs. during the first 
trial, and after three trials the engine became dis- 
abled. It resumed work, however, in an hour and 
a half, at the ninth trial, having been repaired on 
the ground in that time ; but on the thirteenth trial 
it was again disabled. Messrs. Shand, Mason, and 
Co.*s engine, though longer in getting up the steam, 
drew water immediately it was put on, and during 
the first trial the pressure in the boiler fell only 5 lbs. 
per sq. in. This engine worked without accident, 
and almost without intermission, throughout the day. 
The seventeenth trial lasted 63 minutes, and the pres- 
sure in the boiler was kept up at 90 lbs. per sq. in. 
throughout. This experiment only confirms the an- 
ticipations which might have been reasonably formed 
from the distinctive features of the two engines placed 
in competition ; and there can be no doubt that, on 
the whole, engines without a crank will be found 
more liable to derangement than those which are 
provided with that valuable appendage. 

In July 1863 the experiments with these engines 
and several others were resumed at the Crystal 
Palace, and much interest was excited by the event. 
The engines presented for experiment were those 
of Messrs. Merry weather and Son, Shand and Mason, 
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Ekston and Amos, Butt and Co., Boberts, Nichols 
(Manhattan), and Gray and Son. The princ'ipal pM- 
ticuUra of the Beveral engines are exhibited in the 
following table : — 
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The boilers of these different engines were very 
various. In Merryweather and Son's boiler the shell 
was formed of homogt'neous iron, -^ of an inch thick 
double riveted, and the tube and top plates of Low- 
moor iron ^\ thick ; stays of Bowling iron, 1 in. 
thick, and the tubes of copper. The height of the 
boiler waa 60 in., and the diameter 45 in. Shand, 
MasoD, and Co.'s boiler waa an upright cylindric&l 
iron boiler of 45 in. diameter at the fire-box, 45 in 
at the barrel, and 60 in. high. The smoke passed 
through vertical brass tubes on its way to the 
chimney. 

In Easton and Amos's boiler there waa a central 
furnace surrounded by a eheli of vertical tubes 2 in. 
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diameter. Butt and C!o.*8 boiler was an upright 
tubular boiler d6f in. diameter, and 65 in. high* 
The fire-box was 20 in. high, and there were 313 
tubes of 1^ external diameter. In Roberts' boiler 
the body was 30 in. diameter, and 24 in. deep, and 
there were 248 tubes f in. diameter inside. Nichola* 
Manhattan engine was fitted with Lee and Lamed's 
annular boiler; and Gray and Son's boiler con- 
sisted of a cylinder fitted vdth tubes revolving slowly 
on trunnions within an iron casing lined with fire 
clay. 

On the first trial the task set to all the engines was 
to deliver 1,000 gallons of water into a tank 67 ft. 
distant, the water in all the boilers being cold when 
starting, and the order in which this was done by 
the different exhibitors was : 1, Easton and Amos ; 
2, Merry weather and Son ; 3, Shand, Mason, and 
Co.; 4, Butt and Co.; and 5, Roberts. In the 
second trial, which consisted in doing the same work 
with the steam already up, the order of rapidity with 
which the work was done by the different exhibitors 
was as follows : Shand, Mason, and Co., Butt and 
Co., Merr3nveather and Son, Roberts, and Easton and 
Amos. In subsequent trials the engine of Measrs. 
Merryweather and Son worked with great efiiciency, 
and took the first prize of 2bOL, the second prize of 
lOOL being awarded to Messrs. Shand, Mason, and Co. 
The steam fire-engine ' Sutherland,' which achieved 
these successes, is represented in Jig, 119, and Mesprs. 
Merryweather and Son's description of this engine 
is as follows : — 



8TEAM FIBE-ENGINES. 315 

This engine has two steam cylinders, each 8|in. diameter, 
with pistons of 24 in. stroke. The two pump cylinders are 6| in. 
in diameter, and the pistons of the pumps being on the same 
rods as the steam pistons, make the same extent of stroke. 
Both steam cylinders and pumps are fijced horizontally on the* 
wrought-iron side frames of the engine, and rigidly connected 
together by strong tie-rods running throughout the entire 
length of cylinder and pumps. The valve motion is of a 
simple character, and is so arranged that when one piston is 
changing stroke the other is in the middle of its stroke, thus 
imparting a very uniform and steady motion. On the middle 
of each piston rod is keyed a boss carrying a short arm pro- 
jecting horizontally. Parallel to and at a short distance from 
each piston-rod, are fixed in suitable bearings, so as to be 
able to revolve freely on their axes, two twisted bars or quick 
screws, having a pitch of 1 turn in 16 in. At the ends of 
these twisted bars or screws next the steam cylinders are cut 
two strong square-threaded screws, having I turn in 1 J in., on 
to which are fitted 2 gun-metal nuts, which nuts are received 
by the forked ends of the weigh-shaft levers for moving the 
slide-valves. To the short arms on the piston-rods above 
mentioned are attached 2 gun-metal sliding pieces, which 
clasp, and move freely on the twisted bars or screws, and 
having the same motion as the piston-rods, impart a slow, 
easy, reciprocating rotating motion to the twisted bars or 
screws, causing the gun-metal nuts and weigh-shaft levers to 
be brought backward and forward with a slow, easy action, 
thus moving the slide-valves into the required position — viz., 
that of closing steam and exhaust ports shortly before the end 
of the stroke, thus preventing the possibility of striking the 
ends of the cylinders. By this arrangement, each cylinder cuts 
off its own steam and exhaust, and is entirely independent of 
the other for forming the cushion required to stop the mo- 
mentum of the pistons. Thus, each piston brings itself to rest ; 
but when at half-stroke, by means of a connection between 
the weigh-shaft levers, it gives steam to No. 2 cylinder, the 
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piston of whicli brings itself to rest and liberates No. 1 piston, 
and so on alternately. 

The slide-valyes are of the eqmlibrinm piston form, and 
with full steam (150 lbs. per sq. in.) can readily be moved by 
the hand with a force of 5 lb., thus saving power which is 
more usefully employed in forcing water. 

The engine is started merely by opening the steam valve, 
which can be so regulated as to allow it to run as slow as 
half a stroke per minute, and has no dead points or centres. 

The pump has all its valves below the pump cylinders, and 
80 arranged that no water remains in the pump when at rest, 
so that it cannot freeze. The suction valves, 4 in number, are 
each 10 in. long, 1*375 in. wide, with a lift of 1 in., which 
presents an area of 13*75 sq. in. ; the deliveiy valves, also 4 in 
number, are each 10 in. long, and 1*25 in. wide, with a lift of 
1 m., and an area of 12*5 sq. in. ; the whole are made of gun- 
metal, india-rubber faced, but gun-metal valves can be fitted 
if preferred. The engine is fitted with 4 deliveries, each 2 J in« 
in diameter, for attaching hoses, and the suction hose is 5^ in. 
diameter. 

The side cover of the pump can be readily removed, and the 
valves and seats readjusted if necessary. 

The side frames are of Bowling angle iron, firmly secured 
together by wrought-iron cross-stays, and pivoted over the 
fore-carriage, so that the engine may travel on the roughest 
road. Beneath the front part of the frame, and below the 
pivot, are the wrought-iron fore-carriage and front wheels, 
which lock completely round and under the frame of the 
engine. 

Above the pump, and fore and aft of the copper suction and 
delivery air vessels, are the tool-boxes and seats for the driver 
and ten men. The delivery hose is carried in a cylindrical 
drum (capable of containing from 500 to 600 ft. of leather 
hose), attached beneath the frame near the boiler. 

The vertical boiler has very laige steam and water spaces^ 
with a tubular circulating shell of homogeneous metal ^ in. 
thick, and double-riveted. The tube and top plates are of 
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liOwmoor iron ^ in. thick ; the stays are of Bowling iron of 
1 in, in diameter, and the tubes are of solid drawn copper. 
The height of the boiler is 5 ft., and the diameter 3 ft. 6 in. 
When the engine is at work, the boiler contains on an aydrage 
60 gals, of water ; the steam space varies from 9 to 19 cubic 
ft. ; the fire-box sur&ce is 14*5 sq. ft., and the tube surface 
192*5 sq. ft., making a total heating surface of 207 sq. ft. 

The top plate is provided with four hand-holes, so that the 
interior of the boiler can be got at most readily. The top 
and bottom tube plates are connected together by strong 
wrought-iron stays. The boiler is fitted with two large safety 
valves, two pressure gauges, back and front, No. 6 Giffard's 
injector, water-glass, gauge cocks, &c. There is also a steam 
jet in the chimney for assisting the draught. A portion of 
the outer shell of the boiler is kept down below where it is 
riveted to the lower tube-plate to which the side frames are 
attached, so that the bolts do not go into the water or steam 
space of the boiler. At the lower part of the boiler is at- 
tached a large bunker for carrying coals or other fueL 

The engine is mounted on four springs and high wheels, so 
that it is suited for the most rapid travelling. 

The steam fire-engine * Torrent/ which has obtained 
some celebrity in connection with Captain Hodges' 
fire-brigade, in consequence of its efficient action 
at various fires, is represented in Jig. 120. Messrs. 
Merry weather and Son's description of this engine is 
as follows :— - 

This engine has undergone some very severe tests, and 
proved to be efficient in eveiy respect, its arrangments being 
of so simple a character, that ordinary persons have managed 
it with but very little previous knowledge of the mechanism 
of a steam fire-engine. It has a stem cylinder of 6^ in. dia- 
meter, with a piston stroke of 12 in. The steam and water 
pistons are continuous. The pump is 4| in. in diameter, with 
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a stroke of 12 in., the cubic contents of which are 1*45 gals. 
The arrangement for moving the slide-Talve, which is of the 
piston equilibrium form, is of the simplest kind. In the 
centre of the piston-rod a light cross-head is keyed, having a 
slight bearing upon each of the tie-rods which connect the 
steam cylinder and pump together; to this cross-head are 
attached two light rods, which are again connected to two 
small weigh-shaft-levers, which give a slight motion as the 
piston advances and recedes, to an ordinary flat valve, that 
admits steam to a small piston which is on the same rod as 
the piston slide-valve. This engine can be started at any 
point by merely opening the steam valve, and can be drives 
at any speed (so as to adapt itself to any quantity of water) 
even as slow as one stroke per minute, as there are no dead 
points or centres. 

The suction valves, of which there are two, are 9*5 in. long 
and 1*3625 in. wide, with a lift of 1 in., and an area of 
lOsq.in., and the two delivery valves are 9*6 in. long, and 
1 in. wide, with a lift of barely 1 in. and an area of 9*5 sq. in. 
The whole of the valves are of gun metal, leather-faced (india- 
rubber can be used if preferred), and are placed below the 
pump cylinder, readily accessible, and so arranged that no 
water can possibly remain in the pump when at rest (to pre- 
vent freezing). It has two delivery outlets of 2|in. each, 
and a suction of 3| in., all inside diameter. The &ame is of 
Bowling angle iron, pivoted over the fore-carriage and front 
wheels, which look and turn completely under the main part 
of the engine. 

The boiler is of steel, with Lowmoor iron tube and top 
plates, and vertical water tubes ; the tnbe-plate is flanged to 
form a mud pocket, which receives all the deposit and from 
which it is easily blown out. The top plate has four hand 
holes, so that the interior of the boiler is easily accessible. 
The boiler is 48 in. high, the diameter being 28 in. The shell 
is of homogeneous metal, full ^in.^ thick. The tube and top 
plates are ^ in. thick, and the tubes are of solid drawn ho- 
mogeneous copper. The quantity of water contained in the 
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boiler, when at work, is from 15 to 30 gals. The steam spac*' 
is about 4 cubic ft., the fire-box surface 7*5 sq. ft., including 
flue surface, and the tube surface 57 sq. ft., making a total of 
64*5 sq. ft. of heating sur&ce. The boiler is fed by a Gifi&urd's 
injector, by the main pump, and by a feed pump. It is fitted 
with a safety yalye, a double steam pressure gauge, a water 
pressure gauge, water gauge, gauge cocks, &c., and has a 
small steam jet for assisting the draught. 

The wrought-iron frame of the engine is attached to a per 
tion of the outer shell of the boiler, left for the purpose below 
the water and steam spaces. At the bottom of the boiler are 
attached the coal-bunkers, and below the &ame, in front of 
the boiler, is an iron frame for carrying the hose. 

The frames of the engine are made of steel § in. thick, and 
attached to the back and front plate of the boiler. Transverse 
to the frames, and over the cylinders, is a steel and wood frame 
eombined, and at the back and front, a central longitudinal 
frame terminating at the smoke-box. The cross leading frame 
is also of steel, to which the steering spindle fork is attached. 
The sfides of the main axle are inclined to divert the per- 
eassiona on the main springs, and to keep the centres of the 
spur-gear in their most fitting relative positions. The whole 
weight of the boiler and the principal part of the machinery 
is borne by the driving wheels, which sustain each 2} tons 
weight to promote their adhesion, while the power of the 
engine is such as to make them skid round in ' reverse ' when 
it is found necessary to stop instantly; the engine is also 
fitted with a break. The motion consists of spur-gear in 
duplicate 5 to 1, which allows the steam pistons to make 
650 ft. per minute, or about half the speed of the carriage. 
There is also a universal difierential motion applied to the 
main axle. Provision for causing the driving wheels to 
move St different degrees of speed, when it is necessary to do 
so, and to pass readily over any obstacles on the road, is made 
by the line of the steel cranked shaft, or first motion, which 
moves in bearings fixed to the boiler and frames, and that of 
the second motion, or main driving axle being often im dif* 

T 
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ferent planes. The first motion and boiler all Uke tlie 
average undulation of the road, and the second motion has, 
on uneven roads, a continued elevation and depression at 
either end. 

The main shaft is a bar fitted with a centre cross pin and 
two bevel wheels or couplings free to move in anj way. On 
this eenlare bar are two more bevel wheels, and the two driving 
wheels are respectively connected firmly together by wrought- 
iron pipe shafts, which move freely upon the centre shaft 
Upon these external shafts the spur wheels are fitted free, and 
driven by the two pinions fast on the first motion crank axle. 
The two spur wheels actuate the two bevels first mentioned, 
and also the central shaft by two driving bars, each of which 
moves freely on the three points of contact., allowing the two 
spur wheels to keep unremitting connection with their re- 
spective pinions, at all the various positions in the planes of 
the two axles, transmitting to the central bevel wheels their . 
anited power, through the two universal driving bars. When 
the carriage moves along a straight road, these bevel wheels 
merely act as circular clutch couplings ; but in passing round 
curves, they revolve in part, allowing either driving wheel to 
take the inner curve, or, if necessary, to become stationary, 
while the other wheels make a circuit round it^ The driving 
wheels are each 4 fb. in diameter and 7 in. wide, and are made 
nf cast bosses and steel spokes and rim, with outer segments 
and exterior felloes of wood. Upon these are bolted seg- 
fnents which admit of elongation and substitution, without 
interfering with the rest of the wheel. The cylinders are each 
3 in. in diameter, with a stroke of 8 in., and the link-motion is 
the same as in railway locomotives, with an extra expansion 
link-motion for forward gear, which allows a constantly free 
exhaust, and a cut offat any part of the stroke up to ^, This, 
with Gray's variable blast pipe, and short tubes of ample size, 
enables Uie exhaust to be freed at a minimum pressure, keep- 
ing up a constant working pressure of 150 lbs. The steering 
apparatus is simple and can be managed with great ease, as 
there..i8 but one leading wheel, the obstructions of the road 
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being yielded to by the yertical axis and its appliances. To 
assist this forked steering shaft, and allow it to rise and fall, 
as well as turn freely, a parallel motion is arranged, so as to 
transmit the longitudinal strain received by the wheel to a 
fixed pin level with its axle, and made fast to the frame 
between the cylinders, the parallel rods having a universal 
hold of a beam lever, and also the ends of the axle of the 
leading wheeL 

A soft metal plug is inserted in the boiler, in the event of 
no water being found along the roads, that will immediately 
put out the furnace fire. The engine is fitted with two steam 
whistles, gauge glass, water cocks, and two steam pressure 
gauges, one for the stoker, and the other for the driver and 
steerer. 

Messrs. Merryweatber, in common with Messrs. 
Shand, Mason, and Co., have been able to produce 
steam fire-engines weighing not more than a cwt. 
per actual horse power, and they find that the en- 
gines most in demand are those with single cylinders 
weighing from 26 to 27 cwt., and those with double 
cylinders weighing from 35 to 40 cwt. The pumps 
have their valves so arranged, that they deliver their 
water at the lowest part, so as to prevent the accu- 
mulation of grit or other obstructions in the valves 
by causing the valve seats to be swept at each stroke 
by the effluent water. The only want I see in 
Messrs. Merry weather and Son's engines is a crank, 
and the sooner they introduce it the better. 

At the International Exhibition of fire-engines 

held at Middleburgh, in Holland, in July 1864, 

Messrs. Merryweather and Son's engine obtained the 

silver medal and 200-guiIder pi ize. Medals and in- 

t2 
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ferior prizes were awarded to Mesnrs. A. Bikkers 
and Son, Rotterdam ; F. Requil^ and Beduw^, Li^; 
Peek Brothers, Middleburgh ; and W. G. Pasteur 
and Co., Rotterdam. At the Paris Elxhibition of 
1867 the fire-engine of these makers obtained the 
gold medal, and its performance was highly com- 
mended by those who tested the amount of work it 
did. 

Ice-making Machines. — One of the most remark- 
able applications of the steam engine is to the manu- 
facture of ice ; which is accomplished by forcing the 
heat out of air by mechanical compression, and then 
by again allowing the compressed air to expand. 
Such demand is thus created for the restoration of 
the heat before forced out as to produce a great re- 
duction in the temperature of surrounding objects. 
On the occasion of my first visit to India in 1847, 
the inconveniences caused by the heat drew my at- 
tention to the subject of artificial refrigeration, which 
I proposed to accomplish by compressing air until its 
temperature became so high that its surplus heat 
would be readily extracted by the application of cold 
water ; and then by allowing this air subsequently 
to expand under such circumstances as to generate 
power, a very low temperatiu'e, it was plain, would 
be produced which might be regidated to suit the 
requirements of a practical system of refi-igeration. 
Subsequently the same idea was propounded by 
various other parties; and an ice-making machine 
has been constructed in which the refrigeration is 
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produced by power aided by the agency of ether. 
But in Kirk's machine for producing cold the ether 
is discarded and air alone is used, which air is passed 
through a regenerator, as in Stirling's air engine. 
This machine is now in successful use in Yoimg's 
Paraffine Works in Scotland. 

Air and Gas Engines, — Hot air or air expanded 
by heat has long been proposed as a motive power. 
But the first skilfully contrived engine for employing 
heated air was that of the Rev. IVir. Stirling, patented 
in 1827, and of which he again patented improve- 
ments in 1840. To this engine the regenerator, con- 
sisting of numerous layers of wire gauze, which were 
heated by the effluent air, and which heated the 
influent air, was first applied. Ericsson^s air engine 
was about contemporaneous with that of Stirling, and 
was independent of it. Its peculiarity was that it 
made use of the hot products of combustion as a 
source of power, the furnace door being made air- 
tight and the air being forced in by a pump. In 
Stirling's engine the heat was applied to the bottom 
of the cylinder, which was made strong, thick, and 
hemispherical. But spite of all precautions the 
bottom of the cylinder was soon burnt out. The 
fault of all air engines operating by means of a 
cylinder and piston, in the manner of Stirling's and 
Ericsson^s engines, is that the air cannot be raised 
to a very high temperature without destroying the 
working parts, and the engine developes but little 
power in proportion to its size, while, from the low- 
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nesB of the temperature at which the air works, the 
consumption of coal is about as great as in steam- 
engines. No air engine has consequently yet come 
into extended use, and it does not appear probable 
that a cylinder and piston air engine can be success- 
fully introduced. 

Of gas engines many varieties have at different 
times been tried, one of which, brought out in 1825, 
under the name of the ' gas vacuum engine,* acquired 
•ome temporary notoriety. In these engines a gas — 
generally coal gas — mixed with atmospheric air is 
exploded within a cylinder, and the piston is pro- 
pelled in the same way as the shot is propelled from 
a gun by the explosion of the powder. The most 
recent varieties of this class of engine which have 
acquired any notoriety are Lenoir^s gas-engine, in 
which the mixture of air and gas is exploded by the 
electric spark, and Hugon^s gas-engine, in which 
IJiG mixture of air and gas is exploded by an ignited 
jet of gas applied in the manner of a fuze. 

Shawns hot-air engine, as shown at the Paris 
Exhibition in 1867, is represented in. Jigs. 121, 122, 
123 and 124. A is the close furnace, into which the 
fuel is introduced through the hopper, H, which is 
furnished with two sluice valves, one at the mouth, 
which is usually kept shut, but which is opened 
when the fuel has to be introduced; and one be 
tween the hopper and the furnace, which is shut 
when the top valve is opened, so as to prevent the 
hot air shut within the furnace from escaping into 
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the RtmOapLere. The intennediate valve belog ehut, 
and the top valve opened, the hopper is filled with 
iiiel, and the top valve being then closed, and the 
intermediate valve opened, the fuel falls into the 
furnace without the loss of more hot air than that 




■which fills the hopper. B, B are the cylinders, and 
b' a trunk piston or plunger, of wliich the annular 
part acta aa a compressing pump for sending air into 
the furnace, while the lower face of the piston ia 
pressed by the hot products of combustion, c is a 
vessel containing a number of vertical tubes through 
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wliich the exhauated hot air passes to the chimneyi 
and past which the air forced into the furnace flows 
so as to absorb the surplus heat, and d" is a goTemor. 
F and a are the inlet and outlet valves of the pump, 

Fg 2« 




and t.' the valve for admitting the hot products of 
combuHtion to act upon the piston. J, N are com- 
municating pipes between the engine and tubular 
air-heater or regenerator. The engine exhibited in 
Paris had two cylinders of 24 inches -diameter and 
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18 Indies Btroke. The piatona were connectcci by 
an overhead beam, and the trunka wwe 15J inches 
diameter. The working preaaure was 14 lbs. per 
jqtiare inch. The furnace waa formed of boiler plate, 
^ined with two rows of lire bricka, between which 
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the entering air circulated before coming inio con- 
tact with the fuel, bo aa to keep the casing cool. 

In Wenham's hot-air engine, worked by the pro- 
ducts of combustion, a vertical hopper like a retort, 
and cloned by a door, conveys fliel to a grate, whence 
the products of oombuation proceed to the cylinder, 
which has a large compreasor or plunger like Stir- 
ling's; and a valve above the piston cemaina open 
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for si>iDe tune in tbc retoni stroke to roable ibe 
exccM otur to eacm|«. 

Tbe waatefdl chaiacter of the steam en^^ne, u r 
■onrce of tootire power, has now become so widek 
known that pnblic atlentiaii hae been (iirected with 
more ardour than heretofore to the diaeoreiy of ej- 




pedients for itt Buperseesion. Of these alternative 
expedients the moet promieing Beems to be Kome 
form of uir or gu engine. But all the tur and gas 
enginea heretofore devised labour under this radical 
defect, that only low preseures can be employed in 
them, and hence only a portion of the energy of tlit 
heat can be traoBformed into power- &o soon as 
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this &ult shall have been corrected without the in« 
troduction of other sources of loss, the steam engine 
will be superseded ; and there are good grounds foi 
concluding that this result is not far distant, but wiU 
Boon be achieved. 
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Injector, Giifard's, 84 

Jackets of cylind^s, 40 
Jet, Delabane's, 34 

Joiile, his mechanical eanivalent of 
heat, 8 

* Jumna,' boilers of, 27 

Kepler's locomotive, 241 
Kitson's locomotive, 289 

* Lacy * locomotive, 179 

Lamb and Summers, superheaters bv 

10, 12 ; boilers, 24 
Lawrie, his rule for nominal power, 81 
Leinster and Connaught, particulars 

of, 141 
Link motion by Bourne in 1886, 61 

other link motions, 63 
Link motion of kfeomotives, 3S1 
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liiqnid fuel employed by Bourne in 1834, 

20 
Xocomotive engrines, 175 
ILocomotive for running on ice, 259 
IxKOmotives, details of. 244 
Locomotives for drawing minerals, 256 
liocomotiyes for steep inclines, 195 

Marine eng^ines, 139 
Marine governors first employed by 
Bonme in 1837, 72; SUver's, 76; 
Porter's, 76 
Mandslay, boilers of ' Jnmna ' by, 28 ; 

marine engines by, 144 
Mayer, expansion valve by, 44 
McGonnell's coal-burning locomotive, 

177 
Mechanical equivalent of heat, 3 
Merryweather's steam firc'engine, 302 
Millwall Iron Co., screw engines by, 1 63 
Mineral locomotives, 256 
Modem forms of screw engines, 70 
Momentum of screw engines first ba- 
lanced by Bourne, 71 

Napier, U., & Sons, superheaters by, 9 ; 
boilers by, 16; engines of 'Scotia' 
by, 149 ; horizontal screw engines 
by, 151 
Napier and Rankine*s valve, 59 
Narrow-gauge locomotives, 21 7 
Nasmyth's steam hammer, 127 
Nicholson's continuous expansion en- 
gine, 90 
Nillus' portable engine, 298 
Nominid and actual x)ower, 80 

Paddles and screw combined first pro- 
posed by Bourne in 1850, 68 

Penn and Son, boilers of the * Hydra ' 
hjt 23 ; marine engines by, 142 

Penn, link motion by, 63 ; wooden 
bearings, 79 

Performance of steamers, 82 

Pistons and piston rods of locomotives, 
247 

Ploughing by steam, 288 

• Pomone,' engines of, 1 43 

Portable engine by Ransome k Simms, 
293 

l*orter*a governor, 77 

Proportions of boilers, 2S 

R.unsbottom's duplex Ptenm hammer, 

139 ; feeding scoop, 218 
Rankine and Napier's valve, 59 
Ransome's traction engine, 282; 



ploughing engine, 290 ; portable en- 
gine, 293 

R^venhill, Salkeld & Co., marine en- 
gines by, 141, 143 

Rennie, engines of steam lanndi by. 
173 

Resistance of ships, 83 

• Rhone,' engines of, 165 
Rigby's steam hammer, 128 
Rollers for roads, 287 

Savery's system of steam ploughing, 
288 

• Scotia,* engines of, 149 

Screw and paddles combined, first pro- 
posed by Bourne in 1850, 68 

Screw engines, modern forms o^ 70 

Screw engines by Penn, 142; Raven- 
hiU, 143; Maudslay, 144; Napier, 
151 ; Day, 153 ; Humphiys, 157 ; 
Caird, 158 ; Courtney & Stephens, 
161 ; Millwall Iron Co., 163 ; Haw- 
thorn, 164 ; Dupuy de L6me, 164 

Screws, twin, 85 ; various forms of, 86 

Scribe, engine by, 115 

Shafts and shaft bearings, 77 

Sband, Ma.>on & Co.'s steam firo en- 
gine, 302 

Shanks' steam crane, 123 

Shiirp, Stewart, & Co.'s coal-bcming 
locomotive, 182 

Shaw's air engine, 327 

Shears for lifting heavy weights, by 
Day & Co., 125 

' Shearwater,' engines of, 164 

Ships, resistance of, 83 ; proper form 
of ships, 84 

Silver's governor, 76 

Single and double cylinders compared, 
88 

Smoke-burning, 33 

Smoke-burning locomotives, 176 

Smokeless furnaces by Bourne in 1838, 
34 

Smoke prevention firsc promulgated 
by Bourne, 19, 34 

Spring governors first proposed bj 
Bourne in 1834, 72 

Starting cylinders of * Don Juan ' by 
Bourne in 1837, 68 ; of * Ulster' and 
• Munster,' 68 

Steam crane by Chaplin, 116 ; hj 
Shanks, 123 

Steamers, proper form of, 84 

Steam fire-engines, 298 

Steam hammers, 127 

Steam jackets, bene6tB of, 40 
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Bteam jet by Delabarre, 84 

Steam laimch, ccgines of, 178 

Bteam plooghiing, 288 

Steam rivediig first proposed by Boame, 
136 

Stephenaon's locomotive, 237 

Bteam rollers, 286 

Steiliiig's air engine, 325 

Soperbeatera by Napier, 9; by Lamb 
aad SnmmerB, 11 ; by Boultoa and 
Watt, 13 ; by Beardmore, 21 

Baperfaeating, 6 

Surface condensation, uses of, 42 

Barf aoe condensers corrode boilers, 48 

Tallow, inconyeniences of, in surface 

condensers, 47 ; carbonises piston, 47 
Tar as fnd employed by Bourne in 

1834,20 
Tembtinck's ooal-boming locomotive, 

187 
Thenno-dynamicB, 8 
Thomson's annular engine, 160 ; steam 

rolkra, 287 ; engine by, 1 15 
Thwaites & Oarbutt, steam hammers 

by, 131 
*Torrent,* steam fire^ngine, 117 



Traction engiiMB, 261 

Tubular boilers first introduoBi bj 

Boome in 1838, 18 
Twin screws, 85 

'Ulster* and 'Munster,* starting cy- 
linders of, 65 ; particulars of, 139 

Valve, gridiron, 57 

Talve, Napier and Bankine's, 59 

Valves, adjustable expansion by Bourm 

in 1838, 43 ; by Mayer in 1840, 44 
Valves, balanced, introduced by Penn 

and improved -by Hnmphrys and 

Bonme, 54 ; Waddell's, 55 

• Warrior,' engines of, 142 
Water-space boilers, 23 
Watt's steam hammer, 127 
Wheels of cast iron on Americai) 

railways, 207 
Williams, Charles Wye, plagiuriaa 

of smoke-preventive system from 

Bourne, 19 
Wooden bearings for shafts, 79 

Zinc a dearer fud than ooa\ 5 
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